








‘SURFACE 


ACHIEVEMENTS 
IN THE SCIENCE OF 
GAS CHEMISTRY AND 
HEAT TREATING 


‘Surface’ pusher-type muffie furnace used 
in Dry Cyoniding thrust washers, pins, and 


miscellaneous small ports. 


ONE EXAMPLE: 

















combines features of both carburizing and nitriding 
with the advantage of flexible and continuous control 
of carbon and nitrogen in the case structure. Quench- 
ing is not a requisite for obtaining extremely hard 
surfaces by the dry (gas) cyaniding process. Work 
is perfectly clean and shows substantially no distor- 
tion due to heat treatment. Any carburizing or cyo- 


SAE 1015 


niding grade of steel or iron may be treated by the 
DRY CYANIDING 


Photomicrograph shows a typical .006” 
dr nide t on SAE 1015 steel . 
\ Y qyumes ams oe es ‘Surface’ development to come from extensive research 


dry (gas) cyaniding process . . . The process is another 








by treatment for cpproximately 45 
minutes at 1500° F. followed by in the Science of Gas Chemistry and Heat Treal- 
slow cooling to room temperature. 


ment. Write for Bulletin SC-124 for complete details. 
%* SPECIAL ATMOSPHERE, RADIANT-TUBE FURNACES 08 
9 ve Mm). Gas Carburizing and Carbon Restoration (Skin Recovery), ‘ » 
and Bright Atmosphere Hardening, Bright Gas-No zing on 
4 Anneoling, Dry (Gas) Cyaniding, Bright Super-fos - 
v4 \ Quenching, Atmosphere Malleableizing, Atmosp! Forge” 
and Specific Effects upon Metal Surfo 
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How Ryerson Assures 
Alloy Steel Quality 


Each alloy shipment is personally inspected and 
tagged as a part of a rigid quality control system, 
which we call the Ryerson Certified Steel Plan. 
This plan covers: selection of the individual heats 
of alloy steel, the testing of samples from each 
heat, the positive identification of every alloy 
bar with stamped heat symbol and painted color 
markings (or with metal tags), and a Ryerson 
Alloy Steel Report, which is sent with each ship 
ment. This report shows complete test informa 
tion for the particular heat of steel used in filling 
It contains: chemical analysis, rec 


your order. 
the Jominy 


ommended working temperatures, 


hardenability results, and an interpretation of 


physical properties for 1, 2, 3 and 4 inch rounds 
quenched and drawn at 1000°, 1100° and 1200 F 
The report serves as positive identification, 
check on quality and as a guide to setisfactory 
heat treatment. 

The Ryerson Inspection Tag symbolizes the 
final culmination of our quality controls, becausé 
it places a personal responsibility on us for t! 
fulfillment of every specification in your ordé 
This is the Ryerson way of making sure that y 
get the right steel. Ryerson alloys all receive t! 
same systematic care. Call Ryerson for a 
steels, or for any other type of steel, and 
assured of uniform quality and prompt acti 


RYERSON STEEL 


Joseph T. Ryerson & Son, Inc., Steel-Service Plants: Chicago, Milwaukee, Detroit, 
St. Lovis. Cincinnati, Cleveland, Pittsburgh, Philadelphia, Buffalo. New York, Boston. 








METALLURGICAL ASPECTS 





OF ALLOY STEEL 





AIRCRAFT ENGINE FORGINGS 





‘To THOSE who are familiar 
with aircraft power plants the title implies some- 
thing special in materials and quality control. 
The proven dependability of engine and propeller 
assembly has been the result of manufacturing 
process controls applied continuously from the 
melting and rolling of the aircraft quality alloy 
steel through the forging, heat treating, machin- 
ng, and assembly of the part. These careful 
control processes are carried even further. After 
issembly of the new engines they are given a 
“green run-in” — that is, they are run for vary- 
ng periods after which they are completely torn 
down and all parts checked for evidence of 
inusual wear or galling. After re-assembly all 
engines are given a final run-in before shipment. 
Une or two per cent are chosen by spot check 
ior further dimensional checks and qualification 
testing. In addition, the engines and propeller 
issemblies are completely torn down after speci- 
lied periods of service operation, thoroughly 
nspected by all known methods available, defec- 
ive and worn parts replaced, then re-assembled 
ind subjected to further proof checks to insure 
nother period of trouble-free operation. 

(he chief difference between aircraft and 
‘ulomotive engine parts is in the design factors 
ised, which in turn, influence material selection 
Aircraft parts are 
fesigned with low safety factors to secure light- 
‘ss. This is combined with high induced 
stres in high horsepower engines which are 


ind processing methods. 





By A. J. Pepin 
Chief Metallurgist 
and A. L. Rustay 
Assistant Chief Metallurgist 
Eastern Division 
Wyman-Gordon Co 
Worcester, Mass. 





continuously being increased in horsepower with 
only minor changes in the cross-sections of the 
highly stressed parts. For example, one of the 
sarly radial engines delivered 575 hp.; this same 
engine with only small changes in the alloy steel 
parts today delivers over 1350 hp. 

Numerous failures of a certain part in an 
automotive engine may frequently be eliminated 
by redesigning the part to increase the critical 
section, thereby adding weight and rigidity. 
When a highly stressed aircraft engine part fails, 
loss of life may result, especially if a single- 
engine plane is involved. Generally, the designer 
is not at liberty to increase the weight and he, 
therefore, must take every advantage of the high- 
est quality materials. The obvious answer to his 
problem is the use of alloy steel forgings made 
under rigid controls. 

A high sense of engineering ethics exists 
between the steel producer, the forger, and the 
engine builder regarding aircraft steel specifica- 


tions. This does not imply that deviations from 
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specifications are impossible, 


but rather that a legitimate 


Steel Yard 


Because material an 














procedure has been set up to 





permit the use of material 
which deviates somewhat, if 
it will not affect the service 








Accepiance 
Testing 


ess specifications are on 





rigid basis, salvage and 
Sa] z 





tion procedures are an j 





part of aircraft manufac 








forge Shop 








of the part. Specifications 


— 





were originally established 
on the basis that maximum 
uniformity from lot to lot 











Shear Dept The adequacy of these systems 


has been proven by the durabjj 








ity of the modern high horse. 
power engine. 








Heat Treat 


was desirable and this uni- 
formity could be attained by 
selecting metal, heat by heat, 

















To meet the above require. 
Dé Dept. 


ments the steels shown in thy 
tabulation 





below are com 





monly used. Note the popula 





in the steel plant. Prior to 





/nspection 


the present war, heats that 
did not 








meet specification 








ity of the 4340 type steel. Prio, 
to 1937 there were six varieties 


Shipping 





of this chromium-nickel-molyb- 





denum alloy steel two Navy 





were rather easily diverted 


to other uses. During recent 


Fig. 1 


Flow Sheet of Forge Shop 


specifications, one Army, on 
Wright specification and a Pratt 





times, when these high qual- 


ity electric steels were 

restricted mainly to aircraft, it became increas- 
ingly important that heats melted for aircraft 
Thus, the metallurgist’s 


role in time of war becomes increasingly impor- 


surposes be so used. 
pur} 


tant, as it is his duty and responsibility to avoid 
unnecessary rejections. 

These same principles are also applicable to 
Frequently 
heat treating specifications have been written 
with a certain Brinell hardness range, but 
mechanical property requirements then have been 


aircraft processing specifications. 


applied which operate to restrict the Brinell lim- 
its by half. A few of these have been modified 
because the ranges were too narrow to be prac- 
ticable, but a larger number have not and are 
being met only by precise metallurgical control. 


Steel Types Used for Aircraft Forgings 


& Whitney specification as well 
as the “standard” S.A.E. 4340 analysis. That 
year, during the @ Convention, a conference was 
held at Atlantic City between representatives « 
the Army and Navy Air Forces, various mellters 
of aircraft quality steel, forgers and engine build 
ers, which agreed to concentrate on X-4340, now 
known as S.A.E. 4340. This Ni-Cr-Mo steel is 
one of the most reliable of the oil hardening 
types from the standpoint of uniform machin- 
ability, generally adequate hardness penetratio 
as well as comparative freedom from distortio: 

The flow sheet of a modern aircraft forg 
shop is comparatively simple. It is similar | 
commercial forge shops; the chief difference lies 
in the rigid controls that must be established 
The departments will be discussed in detail 


Steel Yard 





. : 
ant NAMI 
I Or HARDENING 


MepiumM CARBON 
Crankshafts 
S.A.E. 4340 
S.A.E. 4340 
S.A.E. 4340, 6150 


Propeller shafts 
Connecting rods 
Gears . 

>. 6260 


NE8740 (A.M.S. 6322) 
S.A.E, 4140 


Cylinder barrels 


Cams 
A.M.S. 6260 

Counterweights 

Propeller blades | >. 4340, 4330 

Propeller spiders | S.A.E. 4340 

Propeller barrels S.A.E. 4340 

Propeller hubs S.A.E. 4340 





STEELS COMMONLY USED 


CARBURIZING 


S.A.E. 4340 S.A.E,. 2515, 3310) S.A.E. 4340 


*. $3310, 2515 Nitralloy G 


£. 4620, 4820 


S.A.E, 2515, 3310 


S.A.E. 1020, 1117 


Steel is received as bars 


or billets of various « 


NITRIDING : ’ 
section and in lengths f! 
10 to 30 ft. 
with an electro-magnet cram 
and held until approved } 
the laboratory. 

Each bar and billet 3 0! 


It is piled in bins 
VCM (modified) 


(modified) , 
square or over has been ind 


vidually identified at the m 
by stamping the ingot num 
ber and the relative local 

from top to bottom in tl 
ingot. (Only the bars adja 
cent to the top and _ botto 
of the ingots are located " 
sizes from 1% in. diamete! 


Nitralloy G 
(modified) 


n 








3-in. round-co! 


VCM: C, 0.28/0.38; Mn, 0.60/0.90; Cr, 0.90/1.20; Ni, 0.50/0.80: Mo. 0.90/1.10% to 
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Multiple Tong Hold 


Final Hammer Operation 


Trimmed 


Blocked 


Flange Upset 





Fig. 2— Forging Sequence for Three-W ay Spider in Propeller Hub Assembly. 


Steel: A.M.S. 6415. 


Weight of forging: S80 lb. 


All photographs by R. Stranieri 





squares. Heat numbers are, however, stamped 
n every bar.) Smaller bars are bundled and 
lagged with the heat number only. 

Proper bar identification is fundamental; 
without it, the acceptance tests that have been 
planned to insure quality, speed production and 
reduce rejections are worthless. 


laboratory Acceptance Testing 


fore any heat of steel is released for cut- 
must be completely tested to determine 

rmance to specifications. The various 
nee tests which may be applied to aircraft 
steel include (a) macro-etch, (b) cleanli- 

chemical analysis, (d) hardenability, 


(e) grain size and (f) mechanical properties. 

Macro-Etch, by 
disks in hot 1-1 hydrochloric acid, when properly 
interpreted, is one of the most useful tests for 


immersing cross sectional 


detecting gross defects such as seams, porosity 
or pipe. Disks are cut from bars or billets cor- 
responding to the top and bottom location of the 
first, middle and last ingots. If the heat of steel 
is to be used on a critically stressed part, macro- 
etches may be cut from bars or billets correspond- 
ing to the top and bottom location of every other 
ingot, or even every ingot in the heat. If the 
macro-etches are not satisfactory, additional dis- 
cards are taken and new etch tests are made. 

Cleanliness Rating-——The micro-cleanliness 
method of checking non-metallic inclusions has 
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been, in the past, the standard method. With tered sections may be rough turned, or forged 4, 
the advent of magnetic particle inspection of rounds and subsequently rough turned. A|| sam. 
finish machined parts, it was noted that the ples are then heat treated in the same inanne 
micro-cleanliness test was not indicating the true as the finished forgings and suitably ground 
magnaflux cleanliness of the forging steel. It polished. Generally, the wet continuous method 
was therefore necessary to develop a method of of magnaflux testing is used. 

checking cleanliness of the stock which would Chemical Analyses — Complete chemica! ang). 
indicate whether or not finished parts would pass yses are made on drillings taken at half-radiys 
magnaflux standards when the forgings were from test prolongations adjacent to the bottop 
subsequently machined. The Wyman-Gordon Co. of the first ingot and the top of the last ingo} 
pioneered in the development of the magnaflux Additional carbon checks are made from randop 
method of checking the cleanliness of aircraft top and bottom locations. Other analyses ar 
quality steel and today it is the standard used by for manganese, phosphorus, sulphur, chromium 
all steel mill suppliers and most of the users of nickel, molybdenum, silicon and vanadium 





Multiple Hammer Roll Pass No. 1 Pass No. 2 Pass No. 3 Pass No. 4 Completed 





Fig. 3 — Reduction Gear Pinion Produced by Combination of Hammer 
Forging and Upsetting. Steel: A.M.S. 6250. Weight of forging: 6.2 
lb. Note depth of groove, as shown by sectioned forging at upper right 





aircraft quality steel. (See A.S.T.M. Standard Hardenability—Two types of tests ar 
E45-42T, and the topic “Magnaflux Testing” in required by aircraft specifications. The A.M.” 
S.A.E. Handbook, 1944.) hardenability test consists of oil quenching ste 
Samples for this test are generally taken disks representing the average sections of th 
from the bottom of the first ingot and the top of engine parts. The disks are first copper plated 
the last ingot. For highly stressed parts such as heated for a specified length of time, quench 
crankshafts, master rods and propeller shafts, in oil and the hardness across the fac« 
additional locations may be tested. disk, corresponding to one-half radius, 
For certain types of forgings, such as master ured in Rockwell C-scale. 
and articulated rods, where the finish machined Recently there has been a tendency 


surface in various sections corresponds to the . . as 
*Do not confuse A.M.S. with the A.S.M A.) 
7 bes refers to the Aeronautical Material Specifi 
so-called quadrant method is used. The quar- the Society of Automotive Engineers. 


original center section of the bar or billet, the 
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ged t 
| sam- 
lanner 
ind or 
iethod 


il anal. 
Tadius 
bottom 

ingot 
a ndom 
eS are 
mium 
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d 


part a number of manufacturers to specify 
the Jominy end-quench hardenability bar in addi- 
tion or in lieu of A.M.S. hardenability. In 
either case, samples are taken from the same 
locations as the turnings for chemical analyses, 
for experience has shown that these are most 
apt to show the maximum spread in hardness. 
The test has been standardized in 1943 S.A.E. 
Handbook. 

Grain Size is generally specified as No. 5 or 
finer, according to A.S.T.M. specification E19- 
39T, Method (a), with grains as large as No. 3 
permissible. Certain applications of alloy car- 
burizing grades for crankshafts require a grain 
size of No. 2 to 5 to aid in making steel as clean 
as possible, but these heats are all fine-grained 
at normal quenching temperatures. It is becom- 
ing increasingly common to measure the grain 
size after the steel has been processed according 
to the production heat treat cycle instead of 
after carburizing at 1700° F. for 8 hr.—the 
Method (a) mentioned above. This is especially 
true of the medium carbon grades where Vilella’s 
etch or some other suitable method may be used 
to show the grain size. 

Mechanical Properties — The test coupons cut 
from each heat may be forged to the bearing 
diameter of the crankshaft or propeller shaft, to 
a diameter equivalent to the maximum section 
of the forging for which the steel is intended, or 
to some other suitable diameter. These forged 
test coupons are then heat treated as specified 
for the forgings for which the heat will be used, 
afler which the surface hardness is checked by 
the Brinell machine. Tensile test pieces (and 
lzod impact test pieces, if specified) are cut from 
these coupons, and the results used to predict 
details of the production heat treatment on the 
lorged parts as well as serving to evaluate suit- 
ability for the parts intended. 

The method of centering tensile tests varies 
considerably. Some engine manufacturers still 
specify a point midway between the surface and 
center of the coupon — or half-radius, as it is 
familiarly known, Inasmuch as this position on 
lorgings for cranks and propeller shafts is gen- 
erally completely removed in machining, other 
manufacturers specify that the tensiles be cen- 
tered two-thirds of the distance from center to 
surface, or 3% to % in. in from the surface at 
lime of heat treatment. Data from the latter 
locations more nearly indicate the actual tensile 
‘Strength of the material in the area adjacent to 
the finish machined surface. 

ypical properties specified by aircraft man- 
ufacturers are as shown in the table above. (Yield 


Strencth is at 0.2% offset.) 
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Specified Physicals for Aircraft Forgings 


YIELD TENSILE ELOon- Izop 
STRENGTH STRENGTH GATION R.A. IMPACT BRineut. 
100,000 psi. 125,000 17.0% 55.0% 262/302 
115,000 135,000 16.0 50.0 45 286/321 
120,000 140,000 16.0 50.0 35 302/340 
130,000 150,000 15.0 48.0 311/352 
140,000 160,000 14.0 40.0 331/364 
150,000 170,000 11.0 35.0 352/415 
170,000 185,000 10.0 30.0 375/430 


Shear Department 


After material has been approved by the 
laboratory, the bars or billets are cut into forging 
multiples of the correct length and weight. 4340, 
6150, 6135 and nitralloy are sheared hot — that 
is, at approximately 400° to 1000° F., in sizes up 
to 5%4-in. round-cornered squares. Material is 
sheared cold up to 3% in. square for steel such 
as 2515, 4340 and 3310. Billets larger than 5%4-in. 
square are cut by power hack saws or circular 
saws. Abrasive cut-off saws are used generally 
for small sizes, and can be used for billets up to 
the maximum capacity of the saw. Double mul- 
tiples are sometimes torch-cut on each end and 
then cold sawed in the center, and then used with 
the torch-cut on the tong hold end. In some 
instances both ends of the multiples are torch- 
cut, after preheating. 

Shear-cut multiples are inspected on_ the 
ends for flakes, which show up as slight but 
unmistakable tears on the sheared surface. Saw- 
cut and torch-cut ends are magnafluxed, using 
prod contacts; flakes appear as ragged, irregular 
indications adjacent to the center. 

Multiples are racked, and the skids or tote 
boxes are identified by metal tags bearing the 
heat number and the heat code number which 
subsequently will be stamped on the forging. 


Die Department 


Hammer forging dies are made of 0.50% 
carbon alloy steel (chromium-molybdenum) heat 
treated to several ranges from about 300 to 444 
Brinell. The harder blocks are ordinarily used 
for shallow impressions and the soft blocks for 
deep impressions in dies for 12,000-lb, hammers 
or larger. Typical analyses quoted in @ Metals 
Handbook and Metal Progress Data Sheets are: 


HAMMER Dies Hor Work 


A B STEEL 
Carbon 0.45/0.55 0.50/0.60 0.35 
Manganese 0.60/0.80 0.65/0.85 0.40 
Silicon 1.00 
Chromium 0.75/1.00 0.80/1.10 5.00 
Molybdenum 0.25/0.45 0.30/0.50 1.75 
Vanadium 0.05/0.15 
Tungsten 1.25 








oil, gas, and electricity. Furnaces are 


controlled at 2350° F., with the actual t 
ture of the multiple itself varying from 


Mechanical press and hydraulic press dies 
are made from either of the above types. If made 
from the Cr-Mo-W hot work steel they are heat 
treated to about C-45 to 55. Certain hydraulic 2250° F., depending on the type of steel. 
press piercing tools are made of alloy cast The most popular piece of forging equ 
iron; it is suitable where high temperatures is the steam drop hammer which varies 
and pressures cause other die materials to weld from about 1000 Ib. up to 50,000. Boa: 


to the steel being forged. hammers are used in sizes from 500 up to ¢ 


Trimmer dies are frequently made from 
rolled plate or forged plate normalized and from 1 to 
drawn, and then stellited and ground on the cut- water, oil or steam type. Fast acting mec! 


Horizontal upsetting machines are found 
% in. Hydraulic presses are 


ting edges. presses are also used. Forging rolls may | 

for pre-forming operations prior to final { 
Forge Shop Accessory equipment includes tong hold p 
trimming presses and crank pin tw 
machines for crankshafts. 


The forge shop is, of course, the heart of the 
The usual forging steps include bk 


plant. The trend in aircraft forging is toward 
the use of heating equipment with complete tem- fullering, rolling and edging operations 

an rough form the product, then forging 

box finish dies. The flash is trimmed (and th 

on crankshafts are twisted into position 
finished forging conforms to the finish hamme: 


perature control. A good heater can make 
excellent quality forging if he has only a 
furnace as a heating medium; however, unde! 
war-time conditions and with inexperienced help, 
the advantages of the continuous furnace are die, aircraft 
final blow in this die to correct any distortior 
the 


forgings are generally given 


apparent. Continuous furnaces are generally of 
the rotary hearth type, and vary in diameter from trimming. Larger size forgings of 
from 5 to 20 ft. Some pusher type furnaces with higher alloyed steels may be cooled in pits 
long. furnaces to prevent thermal ruptures. Phot 


graphs of representative forgings, step by ste; 


refractory hearths are used, 20 to 30 ft. 
Induction heating as well as salt bath is used 
for special jobs. The fuels are conventional are shown on adjoining pages. 





Heat Treating Shop 


Heat treating equipment 
found in a modern aircraf! 
forge shop generally consists 
of continuous furnaces 
although batch types hay 
been used successfully, espe- 
cially for smaller parts. The 
continuous furnaces are usU- 
ally pushers or rotaries; the 
fuel is gas, oil, or electricity 
Some furnaces are equipped 
with controlled atmospher 
and the majority of the draw 
furnaces, recently installed 
are of the recirculating typ 
Most heat treated aircral! 
forgings are oil quen: 
although some are qué 
in water, or in air, and 


{ hed 


prominent manufactur 
a caustic quench. Ty 





quenching equipment u 
the flight conveyor fo 
parts, the automatic 
type in which the 


Fig. 4 — A Merry-Go-Round With Six Stations, Used for 
Preparing a Lug on End of a Forging, and Flame Hard- 
ening and Tempering the Lug Prior to Fracture Test 
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d with the work, and the ferris wheel quench for 
parts. Gleason or Gogan quenching presses are 








“d some parts. 

Forgings are either heat treated for machinability or 
, en a complete heat treatment for specified strength 
ind ctility. Carburizing steels such as 2515 may be 













rmalized and drawn, normalized, or normalized, quenched 
und drawn for machinability. S.A.E. 3310 is generally nor- 
yalized and drawn, since cycle annealing requires too long 
, time at holding temperature to insure complete trans- 
rmation. S.A.E. 4620 steel may be normalized or cycle 






ynnealed depending upon the machining which will follow. 











Carburizing steels are subsequently rough machined, cop- 






yer plated where stop-off is necessary, carburized and then 






hardened and drawn in the conventional manner. 






The medium carbon alloy steels such as S.A.E. 4340, 
1140, 3140, 4640 and NE8740 may be normalized and 
irawn, but recently have been cycle annealed at constant 
temperature to improve their machinability. The cycle 
ised on 4340 steel consists of austenitizing at 1700° F. for 

hr., cooling to 1200° F. and holding there from 5 to 8 

















” 





\ number of “S-curves’’, considered useful in deter- 






mining annealing cycles, have been published recently by 
the U. S. Steel Corp.’s research laboratory and the Crucible 







Steel Co. of America’s research laboratory. 







Inspection and Testing 













Forgings are cleaned by shot blasting, sand blasting or 
pickling, then inspected visually for laps, mis-match or 
inder-fills. Gages and fixtures are used to insure proper 
entering and indexing, and odd shaped parts may be 
ndividually checked on special jigs. Magnaflux aids visual 









‘amination where necessary. 







Grain flow is examined on etched slices and is modified 







f necessary by die changes or other means. The macro- 






graph alongside shows the grain flow of a large crankshaft 
ran in-line, liquid cooled engine. 

Each heat treated forging is Brinelled in one or more 

laces and sections are regularly cut for hardness penetra- 













m and tensile tests. The hardness-penetration tests are 
then correlated with the Jominy end-quenched tests for the 
heat, and the combined data are used to predict the 
esponse of other heats. 

Some parts, such as crankshafts, propeller shafts, mas- 
‘er rods, spiders and barrels, are forged with a fracture test 
upon attached. This integral coupon is designed pri- 
marily to detect overheating. However, an experienced 
ad careful inspector can observe differences in the texture 






















[ the fractures that result from the omission of any one 







‘the heat treating operations. A difference in grain size 








a 








Fig. 5 — Six Throws of a Crankshaft for an In-Line Engine 
Were Sectioned on Center Line and Deep Etched to Show 
Grain Flow. Overall length of actual shaft was 42 in. Cour- 
‘sy of Western Division, Wyman-Gordon Co. Laboratory 
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at the heat treating temperature (say No. 4 to 5 
rather than No. 7 to 8) and certain intangibles 
manifest themselves on the fracture. 

The surface Brinell of a heat treated forging, 
plus the Jominy test bar readings and the hard- 
ness penetration data for that heat, together with 
the extremely sensitive fracture test, give infor- 
mation about the quality of the forging that can- 
not be duplicated by any other mechanical tests 

provided a careful study of the heating and 
forging operations has been made to determine 
the correct size and location of the test piece, and 
the proper amount of work to be done on it in 
-ach of the forging dies. 

The fracture test occupies a position similar 
to that of the magnaflux test. Both are powerful 
tools for the improvement of quality; both 
require skilled, intelligent interpretation; but 
neither is a substitute for sound engineering 
practice. Figure 4, page 1112, shows one method 
of cutting, flame hardening and tempering one 
end of a forging for fracture test. 


Salvage 


As with all manufacturing plants, salvage is 
an integral part of the forge shop operations. 
Forgings that do not conform to internal shop 
standards are diverted from the production line 
as soon as they are found and are channeled to 
the various salvage departments, where they may 
be rechecked for hardness and re-heat treated 
as indicated. Outsized parts may be ground, 
restruck or locally forged. 

All parts are Brinelled that are outside the 
internal shop limits, including those parts that 
may conform to blueprint requirements. The 
establishment of limits closer than those required 
by the customer is sometimes necessary, because 
many of the generally used specifications, as now 
written, have inconsistent Brinell and tensile or 
Brinell and Izod requirements. This inconsist- 
ency becomes greater as the hardenability of the 
steel diminishes, with the result that the internal 
Brineil limits frequently must be varied from 
heat to heat if other requirements are to be met 
without excessive re-heat treatment. 

From the salvage Brinell department, forg- 
ings are returned to production if satisfactory, 
or are re-routed for additional salvage work. 

One of the most common salvage operations 
is the re-draw. If the forgings have been found 
to be hard, they are re-processed at a slightly 
higher draw temperature and tested for hardness. 
Again, it is the low hardenability steels — low 
compared to the section size to be heat treated 
that are responsible for much of this re-treatment. 


Test data secured as outlined under th. heag. 
ing “Acceptance Testing”, together with dur. 
tion data, are used as the basis for establishing 
the original draw temperature for the heat, ) 
the hardenability spread is large for tests take 
from various locations in the heat, then the dray 
temperature that has been set to make sure tha 
the low hardenability parts of the heat are withi; 
hardness specification is too low for the balance, 
of the heat, with the result that part of 
is too hard. 

If the hardenability of the heat as a whol 
is low, then the surface hardness necessary | 
produce specified mechanical properties may 
have to be restricted to the top half of the Brine! 
range, which means that a relatively large nun 
ber of the forgings may be over the top limit o 
the first draw and, therefore, must be re-draw 

Re-hardening is necessary whenever forgings 
are below the surface hardness known to lx 
necessary to meet certain mechanical properties 
even though that hardness is within the specified 
In addition to these are the few soft 
Forgings 


range. 
forgings that are found in production. 
to be rehardened are usually sent through t! 
regular production hardening unit and _ th 

re-drawn at a temperature slightly lower th 

that used originally. 

Visual and magnaflux inspection often shov 
laps, wrinkles or other defects that are frequent 
superficial. Their depth is checked by grinding 
until they are removed; the forging is the 
inspected to see if there is sufficient metal remain 
ing to clean up when machined. 

Re-striking is used when forgings are ove! 
size because of worn dies, are mis-match: 
because of shifting dies, or have bent flanges 
other light sections that cannot be read 
straightened immediately after normalizing 
other heat treatment. 

Oversize forgings are re-forged in new ¢ 
at the start of a new run and the excess metal 
forced out into the flash. 

Mis-matched forgings are re-struck after 
dies have been adjusted, and bent forgings ® 
given one light hammer blow to re-align the! 
All these operations are closely supervised wit 
re-striking temperatures lower than the orig!! 
forging temperature. 

Local forging is used on forgings that 
undersize or bent at certain small areas 0! 
forgings that have been ground close to finish 
remove surface imperfections. It has the oby 
advantage of avoiding the necessity of reheat! 
the entire forging (as for re-striking) and has ! 
further advantage of refining the areas r 
at the low finishing temperatures. 


tr 
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TROUBLE SHOOTING 












PROBLEMS 


IN 





STEEL MACHINING 











|" MANY PLANTS the depart- 
mental foreman is left to work his own way out 
of machining problems that arise. Realizing the 
added burden that such a procedure places on the 
already overworked supervisor, other companies 
refer machining puzzles to an individual or a 
department that can more properly cope with the 
various phases of the troubles as they appear. 
During the past few years the writer has 
been called upon for this purpose many times, 
and gradually has worked out a useful method 
of approach. The steps about to be explained 
are listed in general order of their value. The 
reader must realize, however, that on many jobs 
the cause is apparent, or the trouble is of a recog- 
nizable and familiar type. In such cases many 
of the preliminary steps to be given are unneces- 
sary. Generally speaking, if the investigator fol- 
lows a definite routine, just as a chemist does in 
analyzing an unknown, it will result in a quicker 
and more accurate solution of the problem. 
rrouble usually shows up in one, two or 
three ways. First as wear, chipping or breakage 
of tools; second as loss of size or poor finish on 
work; and third as machine trouble such as 
break-downs or power loss. The first object, then, 
ol the “trouble shooter” should be to determine 
the ‘ype of trouble. Next he should obtain and 
tabulate all data regarding the job, including all 
obvious facts such as feed, speed, tool material, 
lool condition, tool hardness, material being 
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Metallurgical Engineer 
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machined, hardness, machine condition, and so 


on, and a number of other facts such as the his- 
tory of the job, source of material, and previous 
performance of tools, machine, and operator. 
Once this information is obtained the job is ready 
to be analyzed, realizing, when considering each 
point, that all of the other variables are assumed, 
at first, to be guiltless. Later the variables can 
be combined to arrive at the total answer. 


Step I — Cutting Tools 
(a) Material Are the cutting tools made 
of the correct material? 

Each kind of tool material can do only cer- 
tain types of work. When reckless substitution 
is made trouble usually results. For example, on 
one job a drill “burned up” when first put into 
use; the extremely bad condition of the drill sug- 
gested some trouble in the tool. A spark test 
showed that the drill was made of carbon tool- 
steel instead of high speed steel as specified. The 
speed run, correct for high speed steel, was much 


too high for carbon steel. 

Four general types of material are used for 
cutting tools. (This statement appears elemen- 
tary. Many of the statements will appear elemen- 
tary. Much trouble shooting applies elementary 
common sense.) Carbon toolsteel is used where 
speed and feed are low, or where conditions are 
such that generate low heat from abrasion. High 























speed steel is most commonly used for machin- 
ing on production jobs, and finds its chief appli- 
cation where medium speeds and feeds are used. 
Its advantage over carbon steel is its red hard- 
ness, or ability to retain hardness at temperatures 
Cast non-ferrous metals 


approaching 1000° F. 
with inherent hardness and wear resistance, such 
as stellite, are used for more severe conditions 
than high speed will stand. These tools, however, 
are not as tough as high speed and will chip more 
easily. For highest speeds and heaviest feeds, 
tools with cemented carbide inserts are used. 
The brittleness and cost of these tools limit their 
use somewhat, but they can be run at rates far 
exceeding those possible with other materials. 

More will be said about these four materials 
when feeds and speeds are discussed. 

(b) Hardness Is the tool of proper hard- 
ness for the job? 

Too soft a condition will cause excessive 
Usu- 


wear. Too hard a tool may chip or break. 


ally Rockwell C-62 to 63 hardness should be used 


on carbon and high speed steel where a tough 
tool is required, while hardness as high as C-65 
to 66 can be used for greater wear resistance. 
Quite often wear resistance must be sacrificed 
for greater toughness. Sometimes cobalt high 
speed steel can be used to increase red hardness 
and wear resistance. 

High hardness can be reduced on carbon and 
high speed steels by re-tempering. Low hardness 
can be increased only by a complete new heat 
treatment. Under step I (d) methods of increas- 
ing surface hardness will be taken up. 

(c) Proper Heat Treatment —Is an incor- 
rect heat treatment the cause of the trouble? 

Too high a temperature in hardening may 
easily coarsen the grain structure, resulting in 
brittleness, cracks, and warpage. Too low a tem- 
perature (non-solution of carbides) causes soft- 
ness, spotty hardness, spalling and low wear 
resistance. 
be salvaged by re-treating; in most cases, how- 
ever, an overheated tool will never be satisfactory. 


Some improperly treated tools can 


Improper tempering should be watched for. A 
hard, brittle tool will result from too low a tem- 
pering temperature or too short a time, while 
tempering at too high a temperature will reduce 
the hardness too much. Very often the re-tem- 
pering of a properly tempered high speed cutter 
will considerably improve its toughness and gen- 
eral performance. For example, a run of gear 
tooth rounding cutters chipped very badly in 
service, but after re-tempering at 1100° F. they 
performed satisfactorily. 
(d) Surface Condition Has the treatment 


produced a soft skin? 


Frequently a soft, decarburized suriace 
found on tools after heat treatment. Thi 
“decarb” is more likely on molybdenum hig} 
speeds than on the old-fashioned 18-4-1 tungste 
high speed steels, and is due as much to logs of 
molybdenum as to carbon. Soft skin is especially 
prevalent on tool bar stock when it is received 
from the mill and all too often the tool is mag 
so that the cutting edge is right at this surface 
Such a tool will not stand up in service. Thy 
“decarb” or “bark” should always be removed 


Table I— Suggested Rakes and Clearances 








H1GH SPEED | Cast ALLoy | CEMENTe; 
STEEL TooLs CARBIDES 

8 to 10° 7 to 9° 

8 to 10° i 

8 to 12° 5 to 10° 

12 to 15° 5 to 15° 


Side clearance 
Front clearance 
Back rake 

Side rake 





before forming a tool from bar stock, or bef 
Many t 
steel manufacturers recommend that 4, in. kk 


removed from all surfaces before making a to 


vrinding the tool after heat treating. 


from the bar. 

Greater wear resistance can often be obtaine 
on high speed tools by nitriding the finished to 
by heating it in a mixture of sodium cyanide and 
potassium cyanide for 10 to 30 min. at abou! 
1000° F. If the tool is re-ground all over, the 
nitriding process must be repeated after eacl 
grind; if only one face is ground, the nitriding 
done only once. 

Increased wear resistance and lower surfa 
friction can often be obtained by a chromiu 
“flash” electroplating the cutting edge in 
standard chromium plating solution for | to ° 
min. This, of course, must be done after eac! 
grind. In one case where a blanking punch was 
a little too soft and “picked up” during servic 
its life was increased from 15 pieces per grin 
to 3000 by chromium plating. 

It should be noted here that nitriding an¢ 
chromium flashing are used to improve tool lil 
and not as a general substitute for proper mat 
rial or treatment. 

(e) Correct Size Continual breakage 
tools may be a sign that the tool is too heav! 


loaded. In such a case the only solution ma) be 


rt 


to increase the size or strength of the too! 
reduce the feed of the machine. 

(f) Correct Grinding A careful wa! 
should be made for edges burned in grinding ®! 
for grinding checks where cutting edges 
stand up. Overheating of tools during g! 
or plunging of heated tools into cold w 
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bout 
the 


-ach 





When 
checks or burned edges are found it is 
Con- 


ol them off, causes checks and cracks. 
suria 
pest to remove them by further grinding. 

e improvement may at times be had if 
surfaces which rub against the chip are 


sidel 
those 
smoothly honed. 
Correct Rake Angles 
r too great a rake angle may cause exces- 
wear or the cutting edge. 
Specific angles for cutting tools are given in the 
iterature of many tool manufacturers. General 
recommendations are listed in Table I. Experi- 
ence of the foreman is of great value here. Proper 
‘chip breakers” and “curlers” must also be con- 
sidered when long chips are fouling up the work. 
h) Proper Setting in the Machine Here 
wain the experience of the foreman is of great 
Particular care should be taken to avoid 
All 


Improper clear- 
inces 


weakness at 


value. 
too much overhang or interference of tools. 
tools should be checked for rigid clamping. 


Step Il — Material Being Cut 


a) Surface Condition Poor surface con- 


lition is often the cause of excessive tool wear. 


Particular offenders are parts that have to be 


cut in such a manner that the tool cannot get 
below the surface immediately. Broaching of 
scaled holes, form turning, and drilling into scaled 
Forging scale or 
scale remaining after heat treatment is hard and 


surfaces are examples of this. 


abrasive, and chips and wears the cutting edges. 
A glazed surface sometimes causes trouble in 
gripping for some types of machining. Molding 
sand on the surface of castings is a most trouble- 
Cold rolling or cold straightening 
the 
the surface will be large enough to 


some thing. 
will work harden 
effect at 
impair its machining. 

An unusual case occurred recently when 


bar, and sometimes the 


machining a low carbon steel forging. Excessive 
surface wear was found to be caused by a high 
carbon surface, picked up during a pack anneal- 
ing operation. The cure was to reduce the tem- 
perature of the heat treatment to below Ac,, the 
lower critical, below which carbon is not absorbed 
by steel. Scale or sand can be removed by 
shot-blasting. Heavy scale may have to be pickled. 
Shot-blasting will also roughen a glazed surface 
to facilitate gripping. When the surface has been 
heavily cold worked or glazed a draw at 1100 to 
1200° F. will help. 


Trouble Chart for Machining Operations 





IyPe or TROUBLE SYMPTOMS 


] Tools 
(a) Material Excessive wear, 
chipping, breakage 
(b) Hardness Excessive wear, 
chipping or breakage 
c) Heat treatment Spalling, brittleness, 
wear, spotty hardness 
d) Surface condition Excessive wear 
(e) Size Continual breakage 
f) Grinding Breakage or chipping 
(g/) Cutting angles Excessive wear; 
Chatter or breakage; 
wear at one side 


h) Proper setting 


-. Material being cut 
a) Surface Wear or chipping of tools 
b) Hardness Gummy, tearing cuts 
Excessive wear 
Inclusions Excessive wear or chipping 


(d and speed Rough cutting and finish 
Tool wear 


Tool wear and breakage 


Pick-up on tools 

Wear on tools 

Heating and smoking 
Rough finish 

Chipping and wear on tools 





breakdown of cutting edge 


REMEDY 
(Att Orner Factors Beinc Proper) 


Change to harder or more wear resistant material 
Change to tougher material 

Soft tool 

Hard tool 
Overheated tool 

Underheated tool 


re-harden or change tool 

re-draw tool 
re-harden or change tool 
re-harden or change tool 
Re-grind surface of tool; nitride or chrome flash 
Select larger size tool, or use less feed 

Re-grind or select new tool 

Adjust angles 
Too much overhang; move tool in or support it 
Rubbing work; reset tool 


Pickle, shot blast or draw steel 
Re-condition steel or increase speed of cutting 
Re-condition steel; re-draw steel or reduce speed 


Throw out steel or reduce speed and feed 


Increase speed 
Decrease speed 
Decrease feed 


Increase sulphur compounding 

Decrease compounding; thin oil if possible 
Decrease compounding, thin oil, use soluble oil 
Increase compounding of oil 

Increase or adjust coolant flow 
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(b) Hardness Selection of proper hard- which are intentionally added by the steel inak, 
ness for the material to be cut is sometimes a to improve machinability and embrittle the chi 
“King Solomon” problem. When a soft part for screw machine operations. ) 
drills all right the broach operators complain of 
tearing. If the hardness is raised to accommodate Step II] Speed and Feed 
the threaders, the turning department starts to 
have trouble. Best general hardness for steel Usually light feed and high speed, or heay 
has been found to be about as follows: feed and low speed are considered to go togethe; 
Plain carbon steel (0.10 to 0.30% C) —130 to 170 Brinell General recommendations regarding speed and 
Alloy steel (0.10 to 0.30% C)—150 to 180 Brinell feed are found very liberally distributed in manu. 
Plain carbon steel (0.35 to 1.00% C)—160 to 210 Brinell facturers’ literature. The book entitled “Manug 
Alloy steel (0.35 to 1.00% C)—180 to 220 Brinell on Cutting of Metals With Single-Point Lath, 

Best results in broaching, tapping, threading, Tools”, issued in 1939 by the American Society 
shaping and gear tooth cutting are found when of Mechanical Engineers, can also be consulted 
the hardness runs near the high limit. For with profit. 
drilling, milling, sawing and turning, the lower In fixing speeds and feeds the material us 
side of the hardness range gives better results. for tools is obviously a major consideratio: 
Too low a hardness will result in poor finish, Suggested rates are given in Table Il. The gen- 
tearing and inability to hold size, while too high eral rule is: Low speed and light feed for carbor 
a hardness causes excessive tool wear. tools; medium speed and medium feed for hig! 

The microstructure of steel has also been speed tools, high speed and medium or mediun 
found to play an important part in good machin- heavy feed for cast tools; and high speed a: 
ing. Lamellar or slightly spheroidized pearlite heavy feed for carbide tools. Low speeds an 
gives the best results on steels with less than feeds on carbide tools (and often on cast tools 
0.60% carbon. Medium or coarse-grained steel usually result in poorer tool life than 18-4-1 hig! 
will machine more freely than fine-grained steel. speed tools will give. 

For unannealed steel on which the micro- Very often the size or shape of work dete: 
structure is satisfactory, or for annealed steel on mines the speeds. Large, heavy castings must b 
which the hardness is too high, a high draw for turned at very low speeds because of the difficully 
2 to 4 hr. at 1150 to 1300° F. will usually improve and high power requirements of running 
machinability. Decreasing speed and feed on speeds which would be recommended for sma 
hard materials will also reduce tool wear. When parts of the same material. Very thin parts mus 
the steel is too soft for good machining and a be turned at very light feeds to prevent bending 
re-anneal or normalizing treatment is not prac- of the part under the tool load. 
ticable, an increase in speed will often help the Generally speaking, the harder the steel th 
finish of the part. lower the speed of cutting. For example, t! 

(c) Inclusions ——- Non-metallic slag inclu- speed of turning a medium carbon alloy st 
sions, either in heavy slug form or finely divided, drops from 90 ft. per min. to 50 ft. per min. as 
are a serious source of trouble. The symptom the hardness increases from 200 Brinell to 20 
is excessive tool wear or chipping. There is Brinell. At the same time tool life is shortened 
usually not much that can be done to remedy 
this situation except to scrap the steel or to strug- Step IV Coolant 
gle through the trouble at reduced speed and 
feed. (These remarks, of course, do not apply to A liberal quantity of the proper coolant is 
inclusions of manganese sulphide or lead particles very essential factor for proper machining. 1! 

function of the coolant is ‘a) to cool U 
Table Il — Suggested Speeds for Turning (Ft. per Min.) tool, work and chip, (b) to lubricate 


th 





HicH Speep Cast ALLoy CEMENTE! point of the cutting tool, (c) to previ 
' . 4 4 ALL Fy . ) 


MATERIAI ts : 
STEEL Poo.s CARBIDES 


pick-up or welding of the chip to the to 


and (d) to help carry away chips and lul 


Cast iron 50 to 100 100 to 150 © 200 to 400 
Low carbon steel 


(screw stock) 120 to 150 150 to 200 $00 to 500 ; ca 
90 to 130 130to 180 § 300 to 400 per min. per cutting tool. The strean 


cate moving parts near the tools. liber 

quantity is considered to be from 2 to ° 

Low carbon steel 

Medium carbon steel be adjusted so as to hit the point ! 
(soft) 70 to 100 90 to 140 | 200 to 300 tool and work. or so that it can bx 


Medium carbon stee! : ' ; : . to that point. Care shoul® be taken 
(semi-hard) 50 to 80 80to 120 150 to 250 





vent the escaping chip from splash 
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-oolant everywhere but on the 
work. 

1 proper 
lant may spell the differ- 
between success and fail- 
ve in machining. Sulphur or 
chlorine compounded mineral 
iis should be used for soft, 
gummy steels. The compound- 
ng prevents welding of the 
chip to the tool and promotes 
Jeaner cutting. As the mate- 
ja) becomes harder an oil 
vith less compounding should 
be used, and more cooling 
alue introduced by thinning 
he coolant as much 
sible (using water for soluble 
ils and paraffin oil for regu- 
Addition of lard or 
oils will aid mat- 
additional lubricity 


selection of 


ene 


as pos- 


ar oils). 
ther fatty 
ters where 
s needed. 

Several examples will 
illustrate these 
remarks: A regular sulphur- 
mpounded soluble oil was 
ised for general high speed 
When a job requir- 
ng carbide tools was intro- 
this same oil was used. 


serve to 


turning. 


duced, 
The carbide tool chipped and 
did not last long. The oil was 
changed to a very thin mixture 
fa non-compounded soluble 
il. Tool life increased 300%. 

A lightly compounded 
mineral oil was used for shap- 





A) uy 


TO THE AMERICAN PEOPLE: 


Your sons, husbands and brothers who are stand- 
ing today upon the battlefronts are fighting 
for more than victory in war. They are fight- 
ing for a new world of freedom and peace. 


We, upon whom has been pleced the responsibil- 
ity of leading the American forces, appeal to 
you with all possible earnestness to invest in 
War Bonds to the fullest extent of your 
capacity. 


Give us not only the needed implements of war, 
but the assurance and backing of a united 
people so necessary to hasten ‘the victory and 
speed the return of your fighting men. 


amar Bahu 


sore Wees 
ia eae 
homer [Y 


mies 





ng gear teeth. When a run of 

wit, gummy metal appeared, 

the chips welded to the cutters. The oil 
hanged to a heavily compounded mineral oil 
ind all traces of pick-up disappeared. 

During the hard hobbing of shafts at 400 
Brinell hardness, one lot of shafts came through 
‘lightly high in hardness. The hobs dulled after 
The oil was changed from a 


was 


nly two pieces. 
medium compounded mineral oil to an uncom- 
pounded paraffin oil. Hob life immediately went 
hack to normai. 


Step V — The Machine 


When trouble such 
‘lack of rigidity, 
ming, the job is for the machine repair depart- 
lent. The generally can handle this 


appears in the machine, 
loose bearings, or wrong cam- 
foreman 
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type of trouble more easily than a trouble 


shooter can. 


Trouble Chart 


To summarize this entire discussion, the 
points have been tabulated in a trouble chart, 
page 1117. In using this it should be emphasized 
that the “remedies” apply only when all the other 
factors are under control and are approximately 
right. One must not, for example, change tools, 
cutting oil, heat treatment all at once 
often done at the instigation of production men) 


(ns is too 


mounting is not rigid enough nor, 
should the metallurgist insist that 
hardness or microstructure or both is the 
criterion of machinability. Ss 


when the 
for example, 
one 
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Propeller Shop Aboard Repair Ship for B-29’s 


It is now well known that one of America’s 
potent “secret naval weapons” is the group of 
repair and supply ships which are the equivalent 
of a naval base that follows the fleet. Similarly 
the Air Technical Service Command has “Aircraft 
Repair Units ( Floating)” that service the aircraft 
on islands in the Pacific during the early months 


of occupation and until adequate shops 
erected ashore. Such a ship is equipped t 
repairs on even the largest aircraft, oll 
engine overhauling. Traffic between deck 
ing shop and damaged aircraft is by ! 
ducks, jeeps, helicopters even divi 
Photo by Air Technical Service Comman 


EOD 
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MAXIMUM CARBON 





= 


IN CARBURIZED CASES 





Theoretical considerations indicate that the max- 
imum carbon in a carburized case should be no 
higher than the A.» point for the carburizing 
temperature, but very much higher carbons are 
frequently found in practical operation. The 
author explains this discrepancy by relating excess 
carbides in the case to the undiffused complex 
carbides or carbide nuclei in the steel during 
the carburization; therefore undesirable surface 
carbides can be avoided if the steel is first con- 


verted to truly homogeneous austenite. 


‘Dr QUESTION of maximum 
carbon contents in carburized cases has received 
considerable attention with the publication of 
Schlumpf’s! and subsequently of Harris’? results. 
There are two schools of thought on this subject. 
One, advocated by McQuaid, Boegehold and 
others, maintains that extremely high carbon 
contents (2.1 to 3.0% C) may be obtained as a 
normal phenomenon, and they explain this con- 
dition by disparate rates of carbon absorption 
and carbon diffusion in the steel. The second 
school, of which Harris is the chief exponent, 
maintains that under properly controlled furnace 
‘conditions the maximum carbon content in the 
case comes fairly close to the amount called for 


l. H. W. MeQuaid, “A study of the Effect of the 
Aluminum Addition on the Structure of a Quenched 
“arbon Steel”, @ Transactions, 1937, Vol. 25, p. 490. 

a E. Harris, Metal Progress, April 1944, p. 
83. For a complete list of his writings see Metal 
‘rogress, April 1945, p. 713. 





By Sidney Breitbart 
Senior Metallurgist 
Development and Research Section 
Standard Steel Spring Co 
Madison, III. 





by the A,,, line of the iron-carbon equilibrium 
diagram, modified according to alloy content. 
Furthermore, Harris claims that the excessive 
carbon build-up is an abnormal condition. 

There is considerable amount of experimen- 
tal evidence to support both views. Schlumpf’s 
results show excessive carbon contents at 1500 
and at 1600° F. when carburizing S.A.E. 3115 
steel (3.1% C, 1.8% C respectively). McQuaid, in 
Metal Progress for July 1944, p. 97, reports sev- 
eral cases of high carbon content (a) when car- 
burizing S.A.E. 5130 steel at 1750° F. for 8 hr. and 
then dropping the temperature to approximately 
1500° F., and (b) when carburizing Ni-Mo gears 
at 1700° F., cooling to 1200 and re-carburizing at 
1500° F. for about 4 hr. Manning, in @ Transac- 
tions for March 1943, p. 8, reports excessive car- 
bon contents for Cr-Mo and Ni-Cr steels. 

Harris, on the other hand, in support of his 
view, cites several carefully conducted experi- 
ments in which he first decarburized the surface 
and then carburized it under a gas atmosphere. 
The maximum carbon content was close to that 
called for by the A,,, line, modified according to 
alloy content. 

The question now arises “What is the reason 
for the apparent discrepancy?” It is claimed that 
in some of Harris’ tests, oxygen was probably 
absorbed during decarburization and might have 
altered the surface of the steel. On the other 
hand, lack of control and temperature fluctua- 
tions are blamed for the high carbon build-ups. 
In some instances high carbon is explained away 


9 
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simply with the statement that certain steels, 
notably chromium steels, are prone to produce 
this condition. Thus, considerable confusion 
exists with respect to the problem of maximum 
surface carbon content, and a clarification of this 
issue is essential. 

A careful examination of the facts divulged 
in recent literature shows that excessive high 
carbon contents are principally obtained under 
the following two main conditions: 

1. When a fluctuating temperature is 
employed or when the carburizing is done at one 
temperature and then continued at a lower. 

2. When steels containing “stable carbide 
formers” are carburized. 

Now the above two conditions have one thing 
in common -—the tendency for carbides to be 
present during carburizing. In the first, carbide 
is rejected from solution as a result of a decrease 
of carbon solubility in austenite during cooling 
from the high carburizing temperature to the 
lower carburizing temperature. (This is on the 
assumption that the carbon content of the aus- 
tenite at the high temperature was greater than 








Fig. 1— Coarse Carbides in the Microstructure 
of One Side of an S.A.E. 6152 Steel Specimen 
Exposed to a Carburizing Salt Bath (8% CN) a 
1700? F. for 85 Hr. Etch: 4% picral; «x 5 





the saturation value at the lower temperature.) 
In the second condition, the steel might contain 
stable carbides or carbide nuclei at the carburiz- 
ing temperature and retain them during the car- 


a liquid carburizing salt bath (8% CN) at 1700 
F. for 1% hr. in such a manner that no salt could 
penetrate between the two surfaces. At the end 
of the time the two pieces were separated under 


the salt and left in the bath for seven additional 
hours. The two pieces were then quenched 
simultaneously in oil. Cross-sections were pol- 
ished and etched for microscopic examination, 
with results shown in Fig. 1 and 2. The side 
exposed to the salt for the full time (9% hr. 
shows coarse, “free” carbides, while the other 
side which, in essence, was given a preliminary 
austenizing treatment for 1% hr., does not show 
this condition. 


burizing operation. This leads directly to the 





theory which the writer believes explains the 
question of the excessive high carbon contents: 


The maximum surface carbon content in car- 
burized cases depends on the microstructure of the 
steel during the process of carburization. Excessive 
carbon contents will be obtained in the case when 
the steel contains **free” carbides or carbide nuclei 
during carburization. Carbon contents called for 
by the Acm line modified according to alloy content 
will be obtained when the steel is homogeneous 
austenite during carburization. 





The above theory was then checked by sev- 
eral simple tests. Two rectangular pieces of 
S.A.E. 6152 steel (1% chromium, 0.12% vana- 
dium, pearlitic structure), ground on all surfaces 
and polished with 0000 metallographic paper, 
were squeezed tightly together and held thus in 





Fig. 2— Microstructure of the Other Side of the 
Same Specimen as in Fig. 1. This side was in 
close contact with another specimen of the same 
steel for 15 hr. before being exposed to the car- 
burizing salt. No coarse carbides are present 
along this surface; the fine dark grain boundary 
outlines (carbides) are due to a slack quench 
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The above test was then repeated using 
NE8720 steel. The temperature of carburization 
was 1525° F. and a salt bath containing 26% CN 
was used for carburizing. The samples were held 
together for 1% hr. before separating and were 
then left in the bath for 16 hr. additional. Micro- 
structures are shown in Fig. 3 and 4. Again, the 
side which was austenized prior to carburization 
did not show any coarse carbides, while the side 
which was exposed directly to the carburizing 
action did. 

In either of the above tests, the difference in 
the actual time of carburizing of the two sides 
cannot account for the difference in microstruc- 
ture. As proof of this statement, reference is 
made to Fig. 5, which shows coarse carbides in 
NE8720 steel when carburized only 3 hr. in a 
%% CN salt bath at 1525° F. Furthermore, it 
cannot be claimed that the surface which received 
prior austenization could have been altered in any 
other manner, since a tight fit existed between 
the two pieces and since the samples were not 








Fig. 3— Coarse Carbides in the Microstructure 
of One Side of an NE8720 Steel Specimen 
Exposed to a Carburizing Salt Bath (26% CN) 
at 1525° F. for 17.5 Hr. Etch: 4% picral; « 500 





removed from the salt bath during the entire 
time. The difference in the microstructure could 
therefore be due only to the fact that one side 
was homogeneous austenite when exposed to the 
carburizing medium. (It is assumed that 1% hr. 
is sufficient for full austenization of NE8720 at 
1525° F. and of S.A.E. 6152 steel at 1700° F.) It 
follows that the microstructure at the time of 
carburizing determines whether coarse “free” 
carbides exist in the subsequent case. This would 
explain the high carbon obtained when carburiza- 





Fig. 4 — Microstructure of the Other Side of the 
Same Specimen as Fig. 3. This side was in close 
contact with another specimen of the same steel 
for 1.5 hr. before being exposed to the carburiz- 
ing salt, and no coarse carbides are present here 








tion is partially conducted at one temperature 
and then continued and finished at a lower tem- 
perature. It would also explain why certain 
steels, such as chromium steels and chromium- 
molybdenum steels, are more prone to produce 
high surface carbon content in the case, for the 
strong “carbide formers” built up by chromium 
and molybdenum increase the difficulty of full 
austenization; the complex carbides dissociate 
and dissolve slowly. Such steels when carburized 
at lower temperatures (1500° F.) would in all 








Fig. 5 — Coarse Carbides in the Microstruc- 
ture of an NE 8720 Steel Specimen Exposed to 
a Carburizing Salt Bath (26% CN) at 1525° 
F. for Only 3 Hr.; Etch: 4% Picral; ~« 500 
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probability contain carbide nuclei and would 
therefore produce surfaces with high carbon con- 
tents, while at high temperatures (1700° F.) the 
rate at which full austenization would be 
approached might be sufficiently high that no 
excess carbides will be formed. 

As further evidence in support of the pro- 
posed theory, the following additional data are 
submitted: 

1. Tests on S.A.E. 6152 steel were repeated, 
using a 26% CN bath at 1525° F. (The first 
experiment was in an 8% CN bath at a higher 
temperature — 1700° F.) The two pieces of steel 
were held together 1% hr., were then separated 
under the bath and carburized for 16 hr. longer. 


in this experiment were affected by prior ays. 
tenization. 

2. A plain carbon toolsteel containing 1.02¢ 
Mn, 0.20% Cr, and of a spheroidized structure 
was carburized for 17% hr. in a 26% CN bath at 
1525° F. and then quenched in oil. The composi. 
tion of this steel is such as to retain carbide 
spheroids permanently at 1525° F.; notice, in Fig 
8, the spheroids in the interior of the specimen 
after the quench, beyond any possible effect from 
diffusing carbon. Coarse spheroidal carbides are 
present near the surface. It should be noted thet 
the carbides do not occur along grain boundaries, 
and that in many areas they accumulate in bands 
The explanation for these conditions is very likely 








Fig. 6— Coarse Carbides Along Grain Bound- 
aries and Within the Grain in the Microstructure 
of One Side of an S.A.E. 6152 Steel Specimen 
Exposed to a Carburizing Salt Bath (26% CN) 
at 1525° F. for 175 Hr. Etch: 4% picral; « 400 


Fig. 7— Coarse Carbides Along Grain Bound- 
aries in the Microstructure of the Other Side of 
the Same Specimen as Fig. 6. This side was in 
close contact with another specimen of the same 
steel for 1.5 hr. before being exposed to the salt 





Microstructures are shown in Fig. 6 and 7. Both 
sides show carbides, but even so the difference is 
significant. The side that had been austenized 
shows far less carbides and these occur mainly 
along grain boundaries. The other side shows 
more carbides, which near the surface are prac- 
tically massive, and then slightly deeper they 
occur within the grain as well as along grain 
boundaries. Beneath the surface about 0.005 in., 
in the region which was at temperature for some 
time before much carbon could diffuse into it, the 
microstructure is similar to the austenized speci- 
men at the surface. It therefore appears that the 
amount and location of the carbides formed by 
diffusion are related to the amount and location 
of pre-existing carbides and carbide nuclei, which 


to be found in the location of the original carbid 
spheroids, and in the original banded structur 
of the steel after rolling. 

The above two tests, in addition to showing 
the effect of the presence of carbides on th 
microstructure after carburizing, tend to bear ou! 
the theory in that they relate the amount aneé 
location of the carbides formed during carburiz- 
ing with the microstructure of the steel as " 
exists during carburization. 

We can now look more closely into the prob- 
able picture of what is happening during cal 
burizing as a further aid in understanding th 
reason for the reported discrepancies: 

The tendency in any physico-chemical sy* 
tem is to establish equilibrium conditions. As th 
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steel increases in temperature above the Ac, , 
point, the carbides will diffuse into the austenite 
yntil homogeneity is established, given sufficient 
time. However, in steels containing alloying 
elements known to be stable “carbide formers”, 
complete diffusion of the alloying element as well 
as the carbon must occur before the austenite is 
fully homogeneous. Since carbide formers diffuse 
very slowly*, the steels containing such alloying 
elements may contain regions of either carbide 
particles or carbide nuclei during the entire 
carburizing cycle. (These regions will be referred 
to as “regions of incomplete austenization”.) 
While these regions are in process of austeniza- 
tion another process is in operation at the same 
time, namely, carbon diffusion inward from the 
surface. As the austenite becomes saturated with 
respect to carbon in the vicinity of the regions 
of incomplete austenization, the conditions are 
suitable for carbide precipitation and growth. 
Any minor fluctuation from the exact equilib- 
rium conditions would precipitate carbide.) 

Carbide precipitation and growth during the 
carburizing period may also be explained on the 
basis of the equilibrium diagram. As _ stated 
above, the region in the vicinity of the carbide 
particles or nuclei becomes saturated with respect 
tocarbon. The result is that this area now finds 
itself past the A.,,,, line in the austenite + cementite 
area of the equilibrium diagram. The conditions 
are therefore suitable for further carbon absorp- 
tion until the cementite line of the equilibrium 
diagram is reached. 

The theory proposed by the writer states 
that “carbon contents called for by the A,,, line, 
modified according to alloy content, will be 
btained when the steel is homogeneous austenite 
during carburization”. No definite experimental 
proof has been offered in this article to support 
this statement. It is based essentially on the 
data presented by Harris in his experiments on 
steels with decarburized surfaces. By decarburiz- 


*E. C. Bain in his @ book on “Functions of the 
\lloying Elements in Steel” discusses this problem 
quite fully in his Chapter IV on “Effects of Alloying 
Elements in Forming Austenite”. For example (p. 
128): “In a particle of molybdenum-rich carbide, the 
so-called omega phase, the molybdenum content may 
be 80 to 90%. Regardless of the constitution of the 
steel as a whole, molybdenum must diffuse away 
until only perhaps 8%, at a maximum, remains at 
such a location before austenite may form there. 
such a degree of diffusion may take place in reason- 
ble time only at the highest possible heating tem- 
perature... .. This matter of degree of solution of 
‘lowly dissolving alloying elements is an important 
ne which almost certainly accounts for variable 
Properties secured from the same steel under differ- 
ent conditions.” 
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ing the steel prior to the carburizing treatment 
he merely eliminated the possibility that carbide 
nuclei could be present during carburization, and 
he obtained carbon contents called for by the 
A.m line. In addition it may be argued, on the 
basis of the tests described herein, that since the 
formation of coarse carbides depends on the 
nucleating effect of pre-existing carbides, the 
absence of such pre-existing carbides (as in fully 
austenized steel) would preclude the formation 
of coarse carbides. Consequently, the maximum 
carbon content in such cases can correspond at 
most only to the saturation value of the austenite. 

Effect of Carburizing Medium — Schlumpf 
used pack carburizing in his tests, while Harris 











Fig. 8 — Coarse Carbides in the Microstructure 
of a Spheroidized Plain Carbon Toolsteel Speci- 
men Exposed to a Carburizing Bath (26% CN) 
at 1525° F. for 175 Hr. Etch: 4% picral; « 250 





carburized his specimens in a gas atmosphere. 
The results described in the preceding paragraphs 
were obtained from a liquid cyanide bath. In 
order to show that the carburizing medium, as 
such, is of no importance insofar as the validity 
of the proposed theory is concerned, the tests 
using S.A.E. 6152 steel were repeated under a gas 
atmosphere in a pit type furnace. The two sam- 
ples were held together by wire and suspended 
through the blast gate by two drill rods (one rod 
attached to each sample as shown in Fig. 9). 
To insure that the surfaces in contact with each 
other were not being subjected to the carburizing 
action for the first 14 hr. at heat (1725° F.), the 
edges were mud-packed and wrapped with asbes- 
tos tape. After 1% hr. the two samples were 
separated and carburizing was continued for an 
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additional 7 hr. The microstructures on the two 
sides are shown in Fig. 10 and 11. 

The results are exactly similar to those 
obtained from the salt bath. It is evident, there- 
fore, that the proposed theory holds irrespective 
of whether gas, liquid, or the usual pack carburiz- 
ing is used. 

Effect of Carburizing Potential 
nism oullined in the preceding paragraphs 
requires the saturation of the austenite with 
respect to carbon as a condition for carbide pre- 
cipitation. The correctness of this condition may 
be seen from the argument that if the austenite 
in the vicinity of the regions of incomplete aus- 
saturated, 


The mecha- 


tenization were not 


bides at the surface. One piece was then trang. 
ferred into a 6% cyanide bath at 1550° F., while 
the other one was placed directly into a4 2¢, 
cyanide bath held at the same temperature as the 
6% bath (1550° F.). After 4 hr. in these secong. 
ary baths both samples were quenched. The 
sample transferred to the 6% bath (re-carburizeq 
at lower temperature and in a bath of slightly 
lower potential) showed coarse “free” carbides, 
while the one from the 2% bath did not shoy 
this condilion. The only difference was in the 
potential of the two baths; the 6% cyanide bath 
has a much greater carburizing potential than the 
2% bath. The difference in the results appears 

more remarkable when attention 





these regions would diffuse into 
the austenite insiead of growing 
into coarse carbides. On _ this 
basis, the importance of the “‘car- 
burizing potential” of the carbu- 
rizing medium becomes apparent 
(“Carburizing 





immediately. 
potential” is defined as the avail- 
able carbon for diffusion into the 
steel, and may be considered as 
the surface carbon content of 
homogeneous austenite in equi- 
librium with the carburizing 
atmosphere at the carburizing 
temperature. ) 

If the carburizing potential 





























of the medium used is sufficient Ka“ 


Mud Packed and Wrapped 
with Asbestos Tape 





to produce saturated austenite 
at the carburizing temperature, 


is called to the fact that grain 
boundary carbides precipilated 
oul when the temperature was 
lowered to 1550° F. but they dis- 
appeared during the slay in the 
2% bath. 

Effect of Temperature — 0p 
the basis of the proposed theory, 
let us now analyze the possible 
effect of temperature. 
two temperatures, one T, low 
(say 1600° F.), the other T, high 
(say 1725° F.). An increase in 


Assume 





temperature increases the rate of 
homogenization. If the rate of 
austenization is sufficiently rapid 
at T,, the lower temperature, the 
maximum carbon contents at the 
surface of the cases produced al 
the two temperatures will cor- 





the excessive carbon build-up 
will depend on the rate of full 
homogenization of the austenite. 
{f the carburizing potential is 


Fig. 9—Arrange- 
ment of Experiment 
in Gas Atmosphere 


respond to the respective A, 
values and consequently a higher 


carbon case will be expected al 





low, no excessive carbon contents 
will be obtained, irrespective of 
the rate of austenite homogenization. This 
explains Manning’s results, that “coke containing 
15% Ba appeared to overcome completely the 
tendency of chromium toward a high carbon sur- 
face”. It should be noted, however, that the 
carburizing potential of this medium is such as 
to produce a surface carbon of only 0.85% when 
carburizing plain carbon steel at 1750° F. (The 
saturation value of austenite at this temperature 
is approximately 1.5% carbon.) 

This point of carburizing potential was fur- 
ther checked by the writer. Two pieces of NE8720 
steel were carburized at 1740° F. for 9 hr. in a 
sall bath containing 8% cyanide. By an experi- 
ment noted two paragraphs further on, it would 
be expected that these specimens, if quenched 
directly, would not have contained excess car- 


T,, the high temperature. How- 
ever, if the rate of austenization 
is slow at T,, the low temperature, but rapid at 
the high temperature T,,, the surface carbon con- 
tent at T,, the lower temperature, will actually b 
higher. (Compare Fig. 1 and 5. This also corre 
sponds to Schlumpf’s results quoted by McQuaid 
Carburizing at 1500° F. gave a case whose max! 
mum was 3.10% carbon at the surface cul; cal 
burizing at 1600° gave a case with 1.80% mas 
carbon; 1700° gave a 1.20% max. carbon case 
If the rate of austenization is slow at both tem 


peratures, high carbon contents will be obtaine¢ 
in both cases, bul due to the higher diffusion rat 


at higher temperature, the high carbon conten!s 
r 


will exist to a greater depth after carburizing ® 
the high temperature. However, due to the nor 
mally higher austenization rates at high temper 


tures, it is again possible to obtain a greale! 
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carbon content near the surface at the lower 
iemperature. This may result from the fact that 
, relatively higher percentage of the steel will be 
fully austenized at the higher temperature. 

‘With respect to temperature, mention should 
be made of some additional tests. NE8720 steel, 
when carburized at 1700° F. in 8% CN carburizing 
salt bath, did not show any carbides even when 
the prior austenization treatment was omitted. 
This result, in addition to the data on the S.A.E. 
$152 steel at the two temperatures, helps to illus- 
irate the effect of temperature discussed in the 
preceding paragraph. 


have furnished direct proof and a clear theoretical 
explanation of these facts which even slight 
oscillations in the temperature produce on the 
apparent limit of saturation of the iron by the 
carbon in the cementation processes.” : 

From the above, it is apparent that Giolitti 
offered no explanation for the occurrence of 
excessively high surface carbon contents at con- 
stant temperatures. In the tests conducted by 
the writer, there can be no question of tempera- 
ture fluctuations, since the difference in the 
results was obtained on the same specimen. The 
theory of fluctuating temperature, therefore, is 








Fig. 10 — Coarse Carbides in the Microstruc- 
ture of One Side of an S.A. 6152 Steel Speci- 
men Exposed to a Carburizing Gas Atmos- 
phere (20% CH,, 204% CO, 0.2% Ox, 45.6% 
H,, 32.6% Ny, and 10° Dew Point) at 1725° F. 
Etch: 4% picral; « 500. Compare with 
Fig. 1, the result of cyanide bath treatment 


Fig. 11— No Coarse Carbides Present 
in the Microstructure of the Other Side 
of the Same Specimen as Fig. 10. This 
side was in close contact with another 
specimen of the same steel for 12 hr. 
before being exposed to the gas 
atmosphere. Compare with Fig. 2 





No discussion on the maximum surface car- 
bon content in carburized cases would be com- 
plete without mentioning the classic work of 
Giolitti. In his book “Cementaltion of Iron & 
Meel” Giolitli considers this question at length. 
He maintains that “the occurrence of these phe- 
iomena, where under ordinary conditions the 
‘ormation of free cementite cannot take place, is 
due to the osciilations of temperature of cementa- 
ion.” To quote further: “Benedicks showed 
the impossibility of attaining by means of cemen- 
lation a definite maximum concentration of the 
tarbon corresponding to saturation of the iron, 
“cept by keeping the temperalure rigorously 
‘onstant during the whole of the cementation. 
Still more recent considerations and experiments 


not satisfactory to explain the results obtained 
by the writer. On the other hand, the high sur- 
face carbon content resulling from temperature 
fluctuations is fully accounted for by the theory 
proposed in this paper. 

In conclusion, the writer wishes to point out 
that if the theory proposed in this paper is defi- 
nitely established by further tests, it may serve 
several important functions: (a) Predict by com- 
parison of auslenization and carburizing rates 
whether high carbon contents will be obtained 
at carburized surfaces; (6) obtain excessive car- 
bon contents at will; (c) obtain any desired size 
and distribution of carbides in carbur.zed cases; 
and (d) provide a new method for studying 
austenization rates. 8 
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HEAT TREATMENT 





OF R301 ALLOY 





a 

Savana ARTICLES recently 
published have given the general characteristics 
of the alloy, R301. (See references No. 1 and 2 
on page 1132.) The present article, covering its 
heat treatment in detail, has been prepared in 
response to numerous requests for additional 
information on the heat treating practices and 
their effect on the properties. 


R301 is a composite material, constituted of 


a core of high strength aluminum alloy, clad with 
a corrosion-resistant aluminum alloy. The 
composition of core and cladding, as set by the 
recently published Army-Navy specification 
AN-A-22, is as follows: 

CorE CLADDING 
3.9 to 5.0% 0.10% max. 
0.5 to 1.2 0.35 to 1.0 
0.4 to 1.2 0.75 max. 
0.2 to 0.8 0.8 to 1.5 
1.0 max. 0.6 max. 
0.25 max. 0.35 max. 
0.25 max. 0.20 max. 
0.10 max. 
0.05 max. 
0.15 max. 
Remainder 


ELEMENT 
Copper 
Silicon 
Manganese 
Magnesium 
Iron 
Chromium 
Zine 
Titanium 
Other elements, each 
Other elements, total 
Aluminum 


0.05 
0.15 
Remainder 


R301 is produced in three tempers, 
namely, the annealed temper, the solution heat 
treated temper, and the solution heat treated 
and aged temper. These three tempers are 
designated respectively O, W, and T. Typical 
microstructures of the three tempers are shown 
in the data sheet, page 1136-B, and are intended 
to serve as a guide in the micro-examination 





By T. L. Fritzlen 
Chief Research Metallur 
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Research Metallurgist 
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Glendale, N. Y 





of R301 material. (Microstructure of R301-17 
not etched, is omitted since it does not differ fron 
that of R301-W, not etched.) 

The minimum guaranteed and the averag 
mechanical properties of these three tempers are 
reported in Table I, page 1130. 

Heat Treating Temperature — Figure 1 shows 
the effect of the heat treating temperature on th 
mechanical properties of R301, both in the W 


and T tempers. The drop in mechanical proper- 
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Fig. 1— Effect of Temperature of Solution Tres 
ment on the Tensile Properties of R301-W (Lottes 
Lines) and R301-T (Full Lines), 0.064-In. Go% 





Metal Progress; Page 1128 





ries caused by eutectic melting in the alloy does 
not take place until a temperature of 970° F. has 
heen exceeded. Micro-examination has deter- 
mined that the most fusible constituent in R301 
; the Al-CuAl,-Si eutectic, shown in Fig. 3, whose 
melting point is 977° F. (Reference 3). Temper- 
tures up to 970° F. can therefore be used safely 
for heat treatment. However, the mechanical 
properties do not substantially increase with 
heat treating temperatures above 940° F. More- 
wer, during solution treatment the copper in the 
ore material tends to diffuse through the clad- 
djing, lowering the corrosion resistance. The 
higher the heat treating temperature, the higher 
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Fig. 2— Effect of Soaking Temperature on 
Diffusion — That Is, Minutes Required for Cop- 
per to Build Up to 0.05% at the Outer Surface of 
the Cladding on Various Gages of R301 Sheet 





s the rate of diffusion, as shown in Fig. 2. In 
iddition, R301 (as all other materials) when 
quenched from higher temperatures is susceptible 
to more buckling. For all these reasons the 
recommended heat treating temperature has been 
set at 940 + 10° F. 


; ee og “¥ 
The heat treating temperature also has some “~ 
ellect on the formability of the alloy, as indicated | ae de 
by the Erichsen test. Table II gives Erichsen . ~h 


ae 
: . let ad LS 
values for some gages of R301-W heat treated at ; * 


4 


y -" 


» 





Fig. 3— Unetched Structures (< 500) of Core of 
R301 After Various Solution Heat Treatments. 
[' reat: Some CuAl, is undissolved at 910° F.; a rosette 
Jotted of Al-CuAl,-Si eutectic appears at 980° F., and 


Gag eutectic melting at grain boundaries at 1000° F. ivuv’ rt. 
— 


————— 
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different temperatures. Table I— Mechanical Properties of R301 


Although there is not a 
wide difference, and some MINIMUM GUARANTEED AVERAGE 





scattering of the results TEMPER| GAGE YIELD, TENSILE, ELONG., Yretp, | TENSILE, | 
tends to mask the effect, Dar Pst. %IN2IN.| Pst. Pst. 

it can be seen that lower 
temperatures are condu- 
cive to somewhat better 


formabilily. 





All <30,000 16.0 10,000 | 25,000 
<0.040 | 37,000 56,000 14.0 39,000 59,000 
>0.039 | 37,000 | 57,000 15.0 41,000 | 60,000 
ee Mi atin. , <0.040 | 56,000 | 63,000 7.0 59,000 | 66,000 
aus the pe eae A >0.039 | 57,000 64,000 | 8.0 pitts 68,000 
affected by the heat treat- Re-Heat ivested Material 
: . WwW <0.040 |) 35,000 55,000 15.0 | 36,000 59,000 
ing temperature. At the >0.039| 35,000 | 55,000 | 15.0 | 37,000 | 60,000 
lower temperatures, the T <0.040| 54,000 | 62.000 | 8.0 59,000 | 66,000 
CuAl,, which is one of >0.039 | 54,000 | 62,000 | 8.0 61,000 | 68,000 
the soluble constituents . 











of the alloy, is dissolved 
only partially, as shown in Fig. 3. At 940° F. the soluble constituents; on the higher side is 
practically all the CuAl, is dissolved (see the the necessity of limiting the diffusion of copper 
micros in the data sheet, page 1136-B) and no through the cladding to the lowest possibl 
further changes take place in the structure until amount. Table IV shows the effect of increasing 
times on the mechanical properties of three com- 
Table Il — Effect of Heat Treating Temperature monly used gages. An examination of this lab 
on Formability will show that increasing the soaking times abow 
a certain minimum has little effect upon th 
; na ae tensile properties; a slight increase in properties 
0.025 , 7.58 7.63 7.52 can be noliced as the time increases but it 


0.040 2: 8.06 7.88 7.86 practically of no value. 
0.064 AM 7.97 8.13 8.02 
0.102 8S 5.70 4.52 4.68 





GAGE 850° F. 875° F. 940° F. 970° F. 


Diffusion, on the contrary, is appreciably 
affected by the soaking time, and within the rang 
considered, the percentage of copper appearing 
the temperature of 977° F. is surpassed. Above at the surface is approximately proportional | 
this temperature, eutectic melling takes place, at the time, as shown by the graph in Fig. 4. (Fig 
first evidenced by a few “rosettes”, then in the ure 5 presents three micros showing the progress 
form of melling and cracking at the grain bound- of diffusion in 0.025-gage material.) Diffusion 
aries (Fig. 3, page 1129). copper to the surface has an appreciable effect | 
Temperature affects the diffu- corrosion resistance 
sion, 1s mentioned above. Figure 2, Table III — especially in the light 
page 1129, shows the time required Thickness of Cladding of R301 gages, as shown by th 
at various solution heat trealment - . . results in Table IV. 
temperatures for copper to dilTuse icin THICKNESS ON Each Face Although there is 
through the cladding and reach a SHEET | NoMINAL AVERAGE some scattering of results 
concentration of 0.05% at the sur- (iN %) | (rn 0.0001 IN.) in Table IV, as is usua 
face. Although there is an appre- aan a in accelerated corrosio! 
ciahle dilference from gage lo gage, 0.025 18.7 tests, it is evident that 
which is caused by differences in 0.032 
the thickness of the cladding (Table 0.040 20.0 time has a deleterious 
Ill), the higher temperatures will 0.051 25.5 effect on 0.025-gage mate 
cause copper lo appear at the sur- 0.064 ; 32.0 rial, but much less 
face more quickly than at lower 0.072 36.0 heavier gages where th 
. 0.081 f 40.5 =" 
temperatures. 0.091 45.5 total thickness ol the 
0.102 5 25.5 cladding is greate! 
Heat Treating Time 0.125 ! 31.2 Accordingly, the bea 
0.150 2.5 37.5 treatment times for th 
Heat treating time is limited 0.170 . 42.5 various gages have beet 
by two factors: On the lower side 0.200 * 50.0 set as listed at the lop © 


0.250 Z 62.5 
is the necessity of dissolving all the next column. 




















24.0 the increase in soaking 


oos) «3 © 











Metal Progress; Page 1130 











side Is 
-Opper 
sSible 
casing 
> COMm- 
} lable 
above 
n th 
ver ties 

it i 


ciably 
range 
paring 
nal t 

Fig- 
ogress 
ion of 
ect ol 
ance 
light 
y the 


re is 
esults 
usua 
"OSIOI 
(hat 
aking 
rious 
mate 
ss WD 
e the 
f the 
alter 
heal 
r the 
bect 


op ! I 



















Quenching Medium - 
wrought aluminum alloys, the quenching medium 
recommended for R301 is cold water. 


Proper Heat Treatment Times 


As for all the 


ALLOWABLE 
TIME AT Re-Heat 
GAGE TEMPERATURE TREATMENTS 
0.032 and less 10 min. none 
9.033 to 0.063 15 1 
0.064 to 0.101 20 2 
0.102 to 0.125 30 2 
0.125 to 0.250 30 3 
0.250 and heavier 60 3 


other 


However, 


Table IV — Effect of Increasing Soaking Time on the Tensile Properties and 
Corrosion Resistance of R301-T 





already mentioned, in normal production it 
should be possible to use a much faster air 
quench, and the properties will be higher than 
those reported in Table V. 

The microstructure is appreciably affected 
by the quenching medium, especially in the W 
temper. No precipilate is visible at 500 diameters 
magnification at the grain boundaries of material 
quenched in cold water, polished and etched with 
Keller’s reagent, whereas in the material quenched 
in boiling water some precipitate is present at the 
grain boundaries in the form of tiny black par- 
ticles. In the air quenched material the pre- 





































aac Not Corropep CorRODED* Loss BY Conrosion 
SOAKING pian ray hs Pee es sie: Miatsinss suena oe 9 
IME, . ’ . . 
ro N. YIELD TENSILE BLon- Yeo | Tensmr | ELON- Yep | Tense | ELOn- 
: GATION GATION | GATION 
Sheet of 0.025-In. Gage 
10 59,500 67,800 8.5 | 59,400 67,500 8.6 0.2% 0.4% | 
25 60,700 68,400 8.5 60,500 68,500 8.5 0.3 — — 
40 60,500 68,700 8.8 59,200 67,600 7.5 2.0 1.6 15.0% 
65 60,900 69,100 9.1 57,300 66,500 5.2 6.0 3.8 43.0 
80 61,400 69,400 9.3 | 49,300 53,400 3.1 19.7 24.3 67.0 
Sheet of 0.072-In. Gage 
20 60,400 68,200 9.5 60,300 67,900 9.6 0.2% 0.4% 
45 | 62,300 68,900 9.6 | 62,400 68,800 9.5 1.6 1.0% 
70 | 63,200 69,100 | 9.6 | 62,800 69,200 9.6 0.6 . 
95 62,800 69,400 | 9.7 62,600 69,300 9.5 0.4 0.2 2.1 
120 65,100 69,800 | 9.4 | 64,200 69,000 9.3 1.4 1.1 1.0 
Sheet of 0.102-In. Gage 
25 60,700 70,000 10.8 60,800 70,100 10.9 —_ 
55 61,800 70,800 10.6 61,700 70.700 10.8 0.2% 0.1% 
85 62,000 70,400 10.9 62,100 70,400 10.7 — 1.8% 
115 61,900 70,600 10.8 61,600 70,300 10.4 0.5 —_ 2.9 

























*Immersed 6 hr. in solution of salt (NaCl) and hydrogen peroxide (H,O,) 





boiling water, oil or air can be used with no 
noticeable change in the results. 
Table V shows the effect of various quench- 


ng media on the mechanical properties, form- 
ability, electrolytic potential and corrosion 
resistance of various gages of R301, both in the 
Wand T tempers. The air quench used in these 
experiments was produced by blowing air from 
‘small fan on the specimens. The time required 
» cool the specimens from quenching to room 
temperature was of the order of 7 to 10 min. 
This very slow “quench” was used in order to 
investigate the slowest cooling conditions to be 
*ncountered in industrial quenching practice. 

As can be seen, quenching in boiling water 
produces only negligible differences in the prop- 
erties. However, the slow air quench we used 
produces appreciably lower mechanical properties 
than either cold or boiling water. However, as 
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Fig. 4— Effect of Soaking Time at 
940° F. on Diffusion of Copper in Clad- 
ding on Various Gages of R301 Sheet 
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Fig. § 
Min., 40 Min., and 80 Min. at 940° F. (Top, Mid- 


R301 (0025-Gage) After Soaking 10 
dle and Bottom, Respectively). Keller's etch: 
«500. Soaking 10 min. gives the normal diffu- 
sion; the grain boundaries shown in the other 
‘wo micros, after diffusion has well progressed, 
exist in the cladding, but the etchant reveals them 


only when appreciable copper is in solution 


~~ —_ 





Fig. 6 — Natural or Room Tempera- 


ture Aging of R301-W, 0.064-In. Gage 


Tensile and Yield 
Strength, 1000 Psi 


cipitate present at the grain boundaries is in the 
form of platelets. 

Formability, as measured by the Erichsen 
test, is somewhat reduced by the slower quench. 
However, in actual production, only parts already 
formed will be slow quenched, this being done to 
minimize distortion. For this reason the decrease 
in formability shown in Table V is of little more 
than academic interest. 


Corrosion Resistance Unimpaired 


There is some scattering of the accelerated 
corrosion results, as usual, but it can be seen 
that the resistance of the alloy is very little 
affected by the quenching medium, which is in 
contrast with the results found in other alloys of 
a similar type (References 4 and 5). This is also 
confirmed by the electrolytic potential measure- 
ments. In the W temper the potential of the 
core is somewhat affected by the quenching 
medium, and with the slower quenches the poten- 
tial difference between core and cladding is some- 
what reduced. However, the cladding still gives 
sufficient electrolytic protection to the core even 
In the T temper no 
appreciable effect of the quenching medium can 


after the slowest quench. 


be noticed. 

to 
different quenching speeds is very important to 
the user of R301 for formed parts. Parts which 
have to be formed in the O temper and subse- 
quently heat treated, tend to distort during 
The slower quenches 


This immunity of corrosion resistance 


quenching in cold water. 
will cause less distortion and reduce the neces- 
sity of restriking or hand straightening. Since 
the corrosion resistance and the mechanical prop- 
erties are not decidedly affected by the quenching 
medium, it will be possible to use slower quenches 
and obtain parts of correct shape at a lower cost 
which have approximately the same properties. 
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material requires usually 2 weeks ;, 
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become stabilized, whereas 0.1()2-gay 
reaches the maximum within 4 days ,, 
one week. The heat treatment tem. 
perature has also some effect on th» 
aging time; lower temperatures tend +; 
produce faster aging at room tempers. 
ture than higher temperatures. In an 
case the differences are very small and 
are of no practical importance. Tab; 
VI shows the mechanical properties 
various gages after 4 days and 2 weeks 
when heat treated at the different temp. 
peratures indicated. 

Artificial or Elevated Temperature 
Aging— A wide range of temperatur 
can be used for artificial aging. Th 
aging time with temperature 
the higher the temperature, the shorter 


/€, 





varies 





Fig. 7— Effects of Aging Temperatures and Times 
on Tensile Properties of 0.064-In. Gage Sheet 


the time. 
Figure 7 shows the effect of tim 
and temperature. Recommended times 





Natural or Room Temperature Aging — Fig- 
ure 6 shows the effect of aging 0.064-in. sheet at 
room temperature on the mechanical properties 
of R301 over a period of more than 1 year. As 
can be seen, the aging starts within 1 hr. after 
quenching. Most of the aging takes place within 
the first 24 hr., and after about 1 to 2 weeks the 
properties of the alloy are completely stabilized; 
no further change takes place. 

Small differences exist in the aging of differ- 
ent gages; as a rule the lighter gages age a little 
more slowly than the heavier ones, but the differ- 


ence is not important. For instance, 0.025-gage 


for these temperatures are as follows 


TIME 
18 hr. + 
12 hr. 1 hr. 
8hr.+ 1lhr. 
6 hr. + 30 min. 
5 hr. + 30 min. 
4 hr. + 15 min. 


TEMPERATURE, °F. 
320 +5 
330 + 5 
340 +: 
350 + 5 
360 + 
375 


1 hr 


os 


+ F 
— se 


Mechanical properties obtained by the vari- 
ous accelerated aging treatments do not differ | 
any great extent, so that any of the above recon- 
mended practices may be used. Corrosion resist 
also very little affected by 
Table VII shows the effect 


the aging 
of 


ance is 


treatment. tw 


Table VI— Effect of Gage and Heat Treatment Temperature on Natural Aging of R301 





AGED 4 DAYS 
TEMPER- 
ATURE 


GAGE : 
ELON. 


IN 2 IN. 


TENSILE 
STRENGTH 


YIELD 
POINT 


Ss ctiatcenaes 
0.025 49,500 
50,600 
58,700 
60,300 
48,200 
51,500 
61,700 
48,200 
51,600 
61,200 
60,800 
60,400 
50,800 
52,800 
61,700 
63,000 


18.6% 
18.8 
19.9 
19.7 
19.0% 
19.8 
20.9 
19.4% 
19.7 
20.8 
21.0% 
21.0 
20.56 1 
19.9 
20.5 
20.2 


850° F. 
875 
940 
970 
850° F. 
875 
940 
850° F. 
875 
940 
940° F. 
970 
850° F. 
875 
940 
970 


28,400 
28,400 
35,300 
38,000 
27,600 
29,800 
38,400 
28,000 
31,400 
39,100 
37,100 
37,400 
28,000 
31,400 
39,100 | 
39,800 





YIELD 
POINT 


28,900 
29,000 
36.600 
39,200 
27,800) 
30,300 
38,400 
27,900 
30,700 
38,600 
37,500 
37,500 
28,600 
30,300 
38,800 
40,000 


AGED 2 WEEKS INCREASE IN % 


| Eon. 
| in 2 IN. 


TENSIL+* 
STRENGTI# 


ELON. 


IN 2 IN. 


TENSILE 
STRENGTH 


YIELD 
POINT 


18.9% 
19.1 
20.0 
20.7 
18.6% 
18.9 
a. 
19. 
19. 
21. 
20. 
20.5 
20.3% 
19.2 
20.9 
20.8 


50,200 
51,100 
59,000 
61,600 
49.500 
52,300 
62,200 
49,800 
52,500 
62,000 
61,100 
61,100 
50,600 
53,000 
62.000 
63,000 


“Ito lv 
~ 
mrmonco. 
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eks ip ME different aging treatments on accelerated corro- 
02-gage IM sion res istance of three different gages of R301-T. 
days tp A Differences in corrosion resistance between the 
it ton commended aging treatments (18 hr. at 320, 
on the Mand 6 hr. at 350° F.) are very small, and within 
tend to the error of testing. 
mpera- Overaging —If the aging treatment is pro- 
In any tracted for a longer time than recommended 
all and Mf above, the material tends to be “overaged”. How- 
Table M@ever, the time limits are not very critical, as 
rties of HBshown by the tolerances noted, within which 
weeks weraging has no effect on the mechanical proper- 
nt tem-MBties or the corrosion resistance. Even aging 
periods far in excess of those recommended have 
erature MM little effect. The third line in each group in 
erature MM Table VII shows the effect of overaging 33% at 
|. The #9 320° F. on the mechanical properties and corro- 
rature sion resistance of the three gages. (Compare the 
shorter Mi third line in each group with the first line.) Fig. 8 — Microstructure of R301-T, 100% Over- 
Overaging also has little effect on the microstruc- aged, 12 Hr. at 350° F. (Compare with 
of time HB ture, as can be seen by comparing Fig. 8 and the micros in data sheet.) Keller's etchant; x 500 
1 times # lower right micro in the data sheet, page 1136-B. 


yllows 


ié@ Va»’i- 
iffer t 


recom- 


The precipitated particles at the grain boundaries 
tend to agglomerate into films, and the precipi- 
tate inside the grains begins to appear along the 
slip planes. The grain contrast (etched) is also 
reduced. 

Delayed Aging—If a long time intervenes 
between the solution treatment and an aging 
treatment at temperatures above atmospheric — 
that is, if a naturally aged material is artificially 
iged at some distant time, the eventual mechan- 
ical properties tend to be somewhat lowered. 


This is shown in Table VIII. This behavior is 
not peculiar to R301, but is found in all other 
aluminum alloys. The reasons for it have not 
been explained completely as yet, although 
attempts have been made by the authors quoted 
in references No. 6 and 7. 

As can be seen, the effect of delayed aging is 
more pronounced when the operation is con- 
ducted at the higher temperature. Although even 
a delay of 20 months between quenching and 








resist- 
aging 


of tw 


Table VII— Effect of Aging and Overaging on Corrosion Resistance to NaCl-H,O, Solution 





AGING Not CorropED Corrovep 6 Hr. Loss IN % 


ELon. 
67,300 9.8 | d — 
67,600 8.3 - 2.4 
66,400 9.5 — 

69,000 11.5 
68,200 9.3 
67,800 10.0 
70,100 11.8 
69.500 10.2 
69,800 10.6 


GAGE 


YreLp | TENSILE | Eton. | YIELD | TENSILE 


59,300 
60,000 
59,200 
64,000 
60,600 
60.700 | 
| 62,400 
64,000 
61,700 | 


Temp. | Hours | YreELp | TENSILE | ELON. 


0.025 320 | 18 59,300 | 68,300 
350 6 | 58,500 | 67,300 
320 24 | 59,200 | 67,800 
0.072 320 18 63,600 | 69,500 
350 6 | 60,400 | 68,200 
320 | 24 | 60,700! 68,400 
0.102 320 18 | 60,700 | 71,000 
350 6 | 64,800} 70,400 
320 24 | 62,000 | 70,200 
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Table VIII — Effect of Delayed Aging 





10 Montus’ DELAY 20 Montus’ DELAY 


YreEtp | TeNnsILe!| ELon. 


AGING 


48 Hr. DeLay | 


GAGE — on 


Yretp | TensiLe| ELon. 


TENSILE | ELON. 


YIELD 


= 


0.040 


Temp. | Hours 





66,200 9.5 
67.700 11.7 
66,000 | 10.8 


67,200 | 12.0 


58,100 
58,900 
58,200 
58,900 


60,700 | 68,100 | 9.0 
59,200 | 69,100 | 11.7 
61,300 | 68,400 | 9.7 
60,300 | 67,900 | 11.5 


360° F, 5 

320 ig | 
360° F., | S| 
320 | 18 | 


10.7 
11.3 


0.064 58,000 


59,000 


65,800 | 


67,400 
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aging does not reduce the mechanical properties 
below specifications, it is recommended that 
material in the W temper be stored not over 3 
months in order to obtain maximum strength. 

Cold Work Prior to Aging — In Fig. 9 and 10 
are plotted the properties against the reduction 
by cold working. They show the effect of cold 
work on the tensile properties of R301 before 
and after aging. The reductions plotted were 
obtained both by cold rolling and by stretching; 
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Fig. 9— Effect of Cold Work in Various 
Degrees on the Tensile Properties of 0.064-In. 
R301-W (Solution Treated, not Aged) 





no difference was noticed on the effect of the two 
methods - 
difficult and could be used only for the lighter 
reductions. As can be seen in Fig. 9, the tensile 
properties of R301-W are appreciably affected 
by cold work and, with high reductions, closely 
approach the properties of the material in the 


however, stretching proved to be more 


T temper. 

Figure 10 shows the effect of increasing 
amounts of cold work prior to aging on the 
mechanical properties of R301. Small amounts 
of cold work in this stage (after solution treat- 
ment but prior to artificial aging) do not change 
the properties appreciably, as in the case of other 
aluminum alloys (References 8 and 9). Even cold 
working 10% or more does not change the tensile 
properties to a large extent after the aging treat- 
ment recommended. 

However, it is well known (Reference 10) 
that cold working prior to aging tends to accel- 
erate aging. It is to be expected that the material, 
cold worked to a large extent, requires shorter 


aging treatments to develop the maximun prop. 
erties. Investigations are in progress to determing 
the facts in this respect. 

Heat Treatment of Annealed Material ang 
Re-Heat Treatment — When sheet is heat treated 
by the producer, a cold water quench is used 
This causes appreciable buckling, especially jp 
thin sheet, so that before the material is shipped, 
it must be flattened and straightened by streteh. 
ing and rolling, thus cold working the materig] 
slightly after solution treatment. The amounj 
of cold work varies somewhat, but as an average 
it amounts to a reduction of about 1%. This has 
some effect on the tensile properties in the W 
temper, as can be seen in Fig. 9. No difference 
exists in the properties of material in the T tem- 
per, since the properties of R301 are not appreci- 
ably affected by a small amount of cold work 
before aging. 

When the material is formed before heat 
treatment, or is re-heat treated, it is not as a rule 
cold worked after quenching, so that the proper- 
ties in the W temper will be somewhat lower, as 
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Fig. 10 — Effect of Prior Cold Work in Vari- 
ous Degrees on the Tensile Properties 0! 


0.064-In. R301-T After Aging 6 Hr. at 350° I 





shown by Table I. However, when the sail 
material is aged, the mechanical properties W 
not differ from those of material purchased 
the T temper, although the specification sets 
lower limit also for this material. 
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Microstructure of RSO!I By T. L. Fritalen and L. F. 


Code: O= Annealed; W =Solution heat treated at 940° F.; T=Solution heat treated and age 
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RECLAMATION OF 





MAGNESIUM CASTINGS 





BY HELIUM ARC WELDING 





. 

 - of magnesium cast- 
ings rapidly becomes an economic necessity for a 
foundry, and fortunately there is a process which 
allows the foundryman to salvage a sizable num- 
ber of castings which would otherwise be 
rejected. In this country the Army Air Forces 
illow only the helium are process for this pur- 
pose, and this paper describes some experimental 
work on salvage which helped us out of some 
difficulties when we started to reclaim minor 
lefects. 

The welding process itself is relatively sim- 
ple. A tungsten electrode is used in a concentric 
holder so arranged that a regulated stream of 
ielium gas envelopes the are. (Argon has also 
heen used as a gas shield, but there are indica- 
uons that the are is not quite as stable as in 
helium. Most commercial argon has minute 
races of water which probably contributes to 
his instability.) This inert gas shield protects 
th molten magnesium from oxidation, and 
Wolds the use of flux of any kind. After the 
weld has been completed, a light film of white 
« brownish magnesium oxide covers the surface, 
and this is easily brushed off. 

Extruded bare filler rod of the same com- 
position as the casting (nominally 6% Al, 3% Zn, 
2° Mn) is fed in separately. A conventional 
direct current welding machine, a tank of com- 
mercially pure helium with a flow-meter, and a 
preheating furnace controllable to + 10° F., com- 
plete the equipment. Reverse polarity is used, 
md the technique is similar to forehand gas 
Welding. The are is quite short and very steady, 





By B. L. Averbach 

Chief Metallurgist 

U. S. Radiator Corp 
Geneva, N. Y 





but it tends to draw metal through the molten 
Weld- 
ing must proceed smoothly and evenly, and the 
torch and filler rod should not be oscillated. To 
keep the filler rod from melting off in large 
intermittently or, 


pool and deposit it behind the electrode. 


globules it should be fed 
preferably, at a slow rate from just outside the 
are itself. A 30 to 45° angle should be maintained 
between electrode and plate, and a 90" angle 
between electrode and filler rod. To prevent gas 
entrapment, heavy deposits should be avoided 
since magnesium welds freeze and cool very 
rapidly. 

Specifications usually limit the type of defect 
In general, cold shuts, 
Some 


which can be welded. 
cracks, and mis-runs cannot be welded. 
manufacturers limit the size of each weld to hall 
the wall thickness in depth, and 1 sq.in. in area. 
This is somewhat severe, since holes entirely 
through some walls have been welded success- 
fully. The number of welds per casting is usually 
limited by economics to four or five, but since 
nearly all of these castings must be solution heat 
treated after welding, there is actually small rea- 
son for limiting the number of welds from a 
metallurgical standpoint. For aireraft castings, 
it is also customary to designate critical areas in 
which it is necessary to radiograph each weld. 

Aside from the conventional welding machine 
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variables, the temperature of preheating is the 
most important single factor. After a consider- 
able amount of exploratory work, it was soon 
evident to us that one preheat temperature could 
not be used for all wall thicknesses. To investi- 
gate this problem, plates 6x6 in. were cast and 
machined down to 4 i in. and 1 in. 

The plates were radiographed, and to 


then in., % 


thick. 
simulate the worst possible conditions the piates 
with the chosen. 
Two 3-in, strips were then cut from each plate 
and three equally spaced semi-spherical cavities 
these cavities, 


heaviest microshrinkage were 


were cut into each strip. Each of 


which played the part of a casting defect, was 


Conditions for the Helium Arc Welding of Magnesium Castings 


d th 
preh¢ 


The metallographic examination sho 
the fusion was very good irrespective of 
There was no difficulty in 
to either the 

Normal plate has an ayeray 


temperature. bta 


ing good fusion sidewalls o 
underlying passes. 
grain size of about 0.006 in., but the deposij, 
weld metal had a much smaller grain siz 
neighborhood of 0.001 in. This deposited yw, 


metal responded well to solution heat treatm 


in tl 


and aging and, on pieces free from microshriy 
age, it was quite easy to obtain welds which } 
95 to 100° The 
was no area of eutectic melting in the base ply 
and no heat affected zone of any kind next to {) 
It seemed that 


of the base metal strength. 


weld. 
concentrated heat soy 
the 


and extremely ra 





HELIUM 
FLOW, PER 
MIN. 


(OPEN 
Cicer 
VOLTAGE 


WELDING 
VOLTAGI 


THICK 
NESS DIAMETER 
\% in. 17 le in. 
1% in. iH 18 "Ss 


1 in. 18 : va 





ELECTRODE F 


ILLER rate of cooling effectir 


hop 


POLARITY PASSES 


prevented any ad 

metallurgical effects 

the adjoining metal 
Radiographs 





some of the 0.25-in sp 





Nores: 1. Each cavity was one 
half of the plate thickness in depth, Ms 


and equal to the plate thickness in 


-in. 


1. Each 
machined 
had 


diameter. 

2. Where more 
the plate 
passes. a. 
welding time for each 
approximately 10 


one 
reheated 


than 
was 


pass 


and 


was used 


between 

3. The 
cavity was sec, completed. 
half the plate thickness in depth and had a diam- 
eter which was equal to the plate thickness. 

A series of strips was welded at preheat 
temperatures which varied from 100 to 700° F 
in steps of 100°. In addition, of 
plates were welded at room temperature (about 
75° F.). The most satisfactory welding condi- 
tions other than preheat were first determined 
for each plate size, and these conditions were 
kept constant as the preheat temperature was 
These welding conditions are listed in 


several sets 


varied. 
the table above, and represent our best judg- 
ment on the basis of experiments with both test 
plates and production castings. Each strip was 
preheated for at least one hour before welding 
and for at least 20 min. after one weld was com- 
pleted and before starting the next. (The tem- 
peratures listed in this discussion are all surface 


temperatures determined with a chromel-alumel 


thermocouple. ) 

After welding, the excess metal was machined 
from the surface and the strips were radiographed 
under conditions capable of detecting a flaw of 
~ of the metal thickness. The welds were also 
sectioned and examined metallographically. 


)« 


for the \-in. 
plate, 
pass in the 1-in. 


to 
three equi-spaced 
Each plate was cooled in still 
air after the three welds had 


mens are shown Oppos 
All 


made 


plate, 40 sec. for the 


and 40 sec. for each these welds w 


ee in one pass, 
3x6 in., 
thickness, 


welds. 


plate was 


indicated 


carefully cleaned {| 


from any heavy 
deposits before they 
Preheated 


weld « 


been preheated. 
700° F. 


tained a 


each 
large cra 
directly across or around the weld. These 1 
100°, where 
three welds were cracked. Preheated at 300 
cracks were gone, but the welds contained s 
porosity. As the preheat temperature was 
ther lowered, the cracks did not reappear, but |! 
‘ 


two ou 


began to disappear at 


amount of porosity progressively increased 
prisingly, even at room temperature no c! 
were present. 

With the 0.50-in. plate no cracks were « 
oped at any preheat temperature. Porosity 
absent after 700 and 600° preheat, and 
welds were very satisfactory. At 500° one W 
out of three was slightly porous, and this por 


tho« 


increased gradually as the preheating temp 
ture dropped, so that at room temperature th 
was an excessive amount of porosity. With" 
l-in. plate exactly the same results were obtain 
Apparently, a minimum amount of @ 
must be present to overcome the cooling stress® 
if cracking is to be prevented. In the thin plates 
the high temperatures promoted low hot streng" 
and at these temperatures there was insufficie! 
strength to resist cracking. With thicke! plate 


or lower preheat temperatures, more streng! 
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ilable or developed, and the cracks 


is i 


vere eliminated. Porosity, on the other 


nd. was less prevalent as the preheating 
ijture increased, and it was evident 


mip 

hat the weld puddle had to remain molten 
w enough to allow the entrapped gas to 
scap For this reason, the thicker the 


ate, the higher the preheat temperature. 
Individual technique influenced the 
racking and porosity to some extent, but 
he above results proved generally applicable 
production castings. Therefore for all 
salvage work the following preheat condi- 
ns were maintained: 


1. On all walls 0.25 in. and under the 
rk was to be preheated to 300° F. 

2. For all other thicknesses the pre- 
ating temperature was 640° F. 

{ temperature of 640° F. was chosen 
r the heavier work because there is danger 

f eutectic melting above 620° F. If a tem- 
erature of 700° had been specified it would 
ie been necessary to heat the material in 
he as-cast condition at a rate slow enough 

allow the Mg-Al-Zn eutectic, which melts 
t about 680° F., to go into solid solution 
ui diffuse into the matrix. At 640° these 

cautions were unnecessary, and this tem- 
erature was adopted for the heavier wall 
hicknesses. 

If the preheating conditions are watched 
wefully, 85 to 90° of the welds in walls 
in. and over should be acceptable. For 

hin walls (% in. and under) 75° of the 
stings should be salvaged, and the rest lost 
m porosity and a few cracks. 

In summarizing this work it should be 
inted out that the number of test samples 
is small, but that the results were, in gen- 
ral, verified on production castings. We 

have found that: 

|. The helium are process is capable of 
ilvaging a large number of magnesium 
istings. 

¢. For walls % in. and under a pre- 
eating temperature of 300° F. should be 

ised. For walls % in. and over a tempera- 
ire of 600 to 700° F. should be used, with 
0° recommended for safety. S 





adiographs, Reduced to About Half Size, 
J Welds Made in \4-In. Cast Strips, Show 
nat Cracks Exist at Preheat Temperatures 
' 400° FP. and Above, Whereas Porosity 
"creases as Temperatures Drop Below 300° F. 
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CRITICAL POINTS 





ONSIDER this phenomenon in our American 
. A multitude of men 


collect scrap and sell it to a large company that 


‘capitalistic’ economy: 


has invested millions of dollars in steel-making 
plant and enormous continuous mills for rolling 
strip-sheet. Spaniards and Portuguese strip the 
bark from the cork oak, ship it here, and we 
search our Southern forests for regions where 
the tree can thrive. An American firm, whose 
founder, CHarLtes McManus, is still alive, re-in- 
vests its profits, millions upon millions, in rolling 
mills and annealing furnaces to make thin strip, 
to clean and lacquer and tin it, to 
engrave and print the metal 
sheets, and for hundreds of presses 


to stamp out the round disks and 


Cost: 10 
for a cent 


crimp their edges. More money, brains and engi- 
neering ability for machinery to grind the cork, 
re-press it into extruded rods, bake it to set the 
binder, and slice it into round seals about the 
size of a quarter. Finally, to install in one long 
wing of this amazing factory a battery of 
machines, each one with hopper-loads of metal 
and cork disks, whose duty it is to cement the 
cork into the metal cup and deliver a completed 
bottle-cap in a literal torrent a million caps 
produced in the few minutes needed to stroll 
through the room, marveling at the ingenuity that 
culminates in making this tiny device we pull off 
the top of a beer bottle and throw away without 
thinking. Their cost must be enormous — but 
you're wrong. They sell ten for a penny! 
ROWN CORK AND SEAL CO.’s management 
has a passion for independence, as shown by 
the efforts to develop an American source of cork 
the tree thrives only around the Mediterranean 
and by its installations for converting hot 
rolled sheet into strip of requisite thickness, tem- 
per and finish. A five-stand cold mill reduces 
hot mill coils, 0.075 in. thick, down to 0.010 in. 
Next is a bright annealer of unique design, where 
the strip loops up and down eight times in a 
square tower 45 ft. high, each pass in its own 
compartment, electrically heated, and finally 
reaches 1450° F. 
water-cooled walls; all is in controlled atmos- 


Then come more loops between 


phere; passage time is about 90 sec. and the strip 





By the 





emerges, not dead soft, but bright annealed a 
of correct hardness so that a final pinch pass | 
planish the mossy surface will give it the prop 
Electrolyt 


tinning lines are similarly built-on-end, as 


spring qualities of a bottle cap. 


were, and consist of deep tanks into which t! 
strip is looped over top and bottom rollers. T! 
tinning cell itself has dozens of slab-like anodes 

30 in. wide by 7% ft. long, hung 
Bottle caps vertically, and the strip threads 
and bottling 


machinery 


up and down, up and down, pas 
each one in turn at the rate 

625 ft. per min. Final “flowing 
of the plate is a flash melting between ver! 
cal banks, each one comprising a multitude 

small gas burners.... .: All these were explain 
by WaLTeR McManus, the firm’s assistant treas 
urer, and GeorGE Nauss, its genial metallurgis 
The latter’s principal activities are in connecti 

with the company’s own highly specialize 
machinery for making the various bottle and 

seals, in dozens of shapes and designs, and in t! 
shops for producing all manner of bottling 
machinery. The dairy equipment is construct 
of the stainless steels almost exclusively, th 
having demonstrated their ultimate economy 
a sanitary way Oh yes an example 
metal replacing cardboard: 
for milk and cream bottles consists of white lac 
quered sheet steel, 0.003 in. thick, glued to a th 
It’s considerably stiffer than cal 


A new sanitary ¢aj 


paper lining. 
board and only about one-third as thick. 


QOMEWHAT EMBARRASSED by registers 
ignorance when the word “fractography’ 
used by Cart Zaprre, my host at Rustless 
and Steel Corp.’s research division in Baltim 
It implied a lack of editorial curiosity, since 
word has already been used in these pages, b 
was rewarded, instead of being punished tor = 
sins, with a first-hand account of an interest! 
new technique. 
micro-examination is simplicity and rapid! 
itself. 


Preparation of a sample 


The specimen is merely broken, stuck 
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ting stage with plasticene, and 
the facets is brought level with 
of binoculars, and this face is 
dv for examination under high 
for the tiny crystal breaks along 
_ plane flat enough for 750 to 2000 X or 

Obviously such a surface is undis- 
bed by the cold work of polishing or 
the chemical attack of 
etchants; being a plane of 
weakness it quite likely is 
the most informative win- 
w of observation to a searcher for 


ili 
I 





he ald 





hen 





wel 






\ 






Fractog- 
raphy 







Aside from its use on some 
sub-crystalline 





lefects 
indamental studies of 
rchitecture, fractography is of day-by- 









lay use in examining high alloys near 





he borderline where undesirable (or 


lesirable) micro-constituents exist. Some 






f the latter are unerringly located, even 
ore readily than by looking at plane- 
wlished specimens. As to the latter, 







nuch use in this laboratory is made of 
tempering” (mild heat in oxidizing 
tmospheres) to color the various metal- 








phases, rather than etching them. 

Not to be caught napping, similarly, 
ibout another new idea in microscopic 
study, read with interest the published 
ext of CHARLES Barrett's lecture, pre- 
ured for the February meeting of the 
Metals Division, A.I.M.E.., 
hut undelivered because the meeting was 









Institute of 









ancelled war in 
ind all that. 
plate with fine emulsion close to a 


Europe and Asia, 
He places a photographic 


smooth metal surface and grazes the 
iter with a beam of X-rays; reflections 
irom disturbed places in the crystal lat- 
lice are registered on the plate, which is 
then developed and studied under a 
This 
method of mapping the distribution of 


microscope at 100 diameters. 


Wherein are local bendings or rotations 











NOMINATIONS FOR NATIONAL OFFICERS 


president, Bethlehem Steel Co., Bethlehem, Pa. 


ment, 
Motors Corp., Detroit. 


development, Jones & Laughlin Steel Corp., Pitts- 
burgh. 


Chicago Plant, Chrysler Corp., Chicago. 


sachusetts Institute of Technology, Cambridge. 





o 


In accordance with the Constitution of the 
American Society for Metals, the Nominating 
Committee appointed by President Kent R. Van 
Horn met on May 24 in Chicago. The Committee 
consists of Watrer Crarrs, chairman; R, M. 
Brick, C. E. Cartson, Lt. Col. Paunt C. Cunnick, 
Howarp E. Hanpy, Watrer A. Hintporr, H. K. 
Innic, A. J. Smirnw, and L. C. Wuirney. By 
unanimous action of the Committee the following 
nominations were made for A.S.M. national 
officers: 


For President (One Year) 


CHARLES H. Herrty, Jr., assistant to vice- 


For Vice-President (One Year) 


A. L. BorGenoip, head, metallurgy depart- 


Research Laboratories Division, General 


For Treasurer (Two Years) 


Harotp K. Work, manager of research and 


For Trustees (Two Years Each) 


Water E. Jominy, chief metallurgist, Dodge 


JOHN CHIPMAN, professor of metallurgy, Mas- 


The Constitution of the Society provides 
that additional nominations may be made prior 
to July 15 by written communications addressed 
to the Secretary of the Society and signed by any 
50 members. If no such additional nominations 
are received prior to July 15, nominations shall 
be closed and the Secretary, at the next annual 
meeting in the fall, shall cast the unanimous vote 
of all members for the above candidates. 








‘trains at and near the surface obviously rests 
the ability to prepare a smooth surface free 
from foreign strains placed 


X-ray there during polishing, and this 
microscopy is fortunately possible by a suc- 


cession of picklings and elec- 
rolytic etchings... .. Notable among the early 
ndiecations of this new X-ray microscopy is the 
melusion that cold work produces slip bands 


of the 


rystal lattice of less than 0.1°; the disturbed 
etal at and alongside the slip bands is in a 


‘yer no thicker than 0.003 mm., and that there 
‘20 strain in the intervening metal between slip 





bands. Such a cold worked structure persists 
during annealing until entirely devoured by com- 
pletely recrystallized grains. Cast metals are also 
shown to be made of highly imperfect crystals, 
full of “micro strain peaks” as close together as 
0.02 mm. 
by complete reorganization in the crystals of solid 


Lastly, age hardening is accompanied 


solution, evidenced by the distortion or rotation 
of fragments 0.003 to 0.005 mm. in size. Thus, age 
hardening is similar to the mechanism of harden- 
ing by cold work a finding that lends no sup- 
port to the older theory that age hardening results 
from a critical dispersion of precipitated particles 
which “key” the slip planes. 
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SOUND that much work had been done, in 

Rustless’s Research Division on the “colors” 
“color” in the sense used by 
ALEX FEILbD, director 


of stainless alloys 
jewelers and metal artists. 
of the division, said they started with an optical 
analysis of the light 
What change 
is responsible for the various appearances rang- 
ing from the cold blue of steel to the warm 
their 


stainless 


treatment 


reflected from 


steels. in analysis or 


vellowish-white of silver? During 
attempts to match colors of other metals used in 
the arts, a black, non-reflective 
Advances 
in the 
stainless 


steels 


surface was discovered; it is a 
good camouflage of war matériel. 
The stainless steel is merely held 
15 to 20 min. in molten sodium 
dichromate at 740° F., cooled and 
washed. Corrosion resistance is not impaired 
and the “color” is so hard and tight that black- 
Found that KEn- 
NETH BLoom, assistant director, had been giving 


ened sheet can be formed 


considerable attention to the martensitic 16-2 
chromium-nickel steel described by his associate 
STANLEY Watkins in Metal Progress for July 
1943, and among other things has developed in it 
really excellent spring qualities: 225 to 350,000 
psi. ultimate strength, 180 to 300,000 psi. propor- 
tional limit, 11.6» 

Finally, spent several hours in the electric 


10° psi. modulus in torsion. 


furnace department watching the 


Messrs. WEITZENKORN and KLINGEL use a 


pyrometric 
work. 
short platinum thermocouple, properly protected 
by a fused silica tube at the end of a long pipe 
handle, for getting correct temperature of the 
bath when it is supposed to be ready to pour. 
This single accurate reading, more reliable than 
an optical pyrometer obscured by smoke or slag, 
has been of such importance in improving ingot 
quality that the next step is some device that will 
record the temperature of the steel continuously 
during the heat. Not too impossible. 

OMBINED metallurgy 

visiting the brass cartridge case line of Rheem 
Mfg. Co. at 
with a summer temperature 


with aesthetics while 
Birmingham, where in keeping 
the predominantly 
feminine staff kept cool in shorts. From an 
engineering standpoint, the plant is notable for 
its complete conveyor systems, possibly dictated 
by the sex of the workers, for 90-mm. cases weigh 
11 lb. each, about as much as a woman can 
handle at the rate of 600 per hr., day in and day 
out. Consequently, transit of work from stage 
to stage especially through process annealing 
furnaces and pickling equipment is in baskets 
made of stiff stainless steel wire, wherein 60 cases 
are racked, open mouth downward, so pickling 


and wash solutions sprayed into them mavy regg 
ily drain out. The automatic pickling machine 
by the way, is made of stainless steel complete — 
roller hearth, hoods, sump, nozzles, and so op 
...Harry WiLmort, director of the metallurgical 
laboratory, said that this line in the Birminghap 
plant was started with a complete set of punches 
and dies from Rheem's Chi 
Relation of cage 
die design 
to auxiliary 
operations 


plant, where they certainly 
ought to know how to make 
cartridge cases, having pro 
duced (on the side, more o 
less) the 152-mm, 
cases that stand 4% ft. high for the French bat 


enormous 


tleship Richelieu’s secondary battery. However, 
some changes from the Chicago practice wer 
immediately necessary; for example, at Chicago 
the annealing is done in open flame gas furnaces; 
at Birmingham in open-ended electric furnaces, 
Differences in oxide formation and loss in clean. 
ing were enough to require slight modifications 
in punches and dies Another heating quirk: 
Radiant heating for mouth anneal proved erratic 
because the smooth brass surfaces reflect the 
heat waves rather than absorb them... .. These 
large 90-mm. cases are necked considerably, dows 
to projectile caliber, and this, together with the 
tapering operation, is critical much deforma- 
tion is required in a thin-walled object with ne 
inside support. At Birmingham this operation 
is done mouth up, and WiLMor said it involved 
a peculiar problem in die lubrication. The grease 
has to be stiff enough to stick on the vertical 
walls of the case without draining down, yet i 
there were too much it would be trapped between 
the forming die and the case wall, and actualh 
dent the case. Grease is therefore spread on by 
hand, as it is in the heading operation as well 
for in the latter a little extra grease, if present, 
will produce a case with a base too thin. 


M+ I TAKE a few moments to vent my coh 
4 tempt for those “research organizations 
that offer “technical service for building tom 
row” or such-like poesy, staffed by ‘researchers 
who don’t know, to judge from the letters th 
write, that The Engineer represents the nam 

a leading British publication 
constant stream of requests con 
from them to the editorial des 
each one asking and always tha! 


Current 
gripe 


ing in advance for engineering informal 

which, if available, would have too much mat) 
value to give away. The letters go direct into" 
waste basket, but evidently the blind is leadit 
the blind, and God help reconversion and the 


bright new tomorrow built on their advic ~ 
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MOLYBDIC OXIDE, BRIQUETTED OR CANNED « 
FERROMOLYBDENUMe« “CALCIUM MOLYBDATE” 


LIMAX FURNISHES AUTHORITATIVE ENGINEERING 
ATA ON MOLYBDENUM APPLICATIONS. 
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PERSONAL 





0. J. Horcer &, formerly in 
charge of railway engineering and 
research, has been appointed chief 
engineer of the railway division of 
the Timken Roller Bearing Co. C. L. 
EASTBURG, in charge of the design 
of bearings and parts as applied to 
locomotives, has been appointed 


assistant chief engineer of the rail- 


PATERSON ©, 
active in inspection and procure- 
ment of material and in equipment 


way division. P. C. 


applications, will be service man- 
ager of the railway division. 


Tracy V. BucKWALTER, chief en- 
gineer and vice-president of the 


Timken Roller 
retired under the company’s retire- 


Bearing Co., has 
ment annuity plan, but will con- 
tinue to serve in a consulting capac- 
ity. ALBert L. Berastrom, formerly 
executive engineer, has been elected 


vice-president of all engineering. 


GUNTHER MOHLING @ has 
presented with a cash award 
certificate of appreciati by 
board of directors of the Aljeg 
Ludlum Steel Corp., Pitt 

his contribution to the d 

of a 


alloys, one of which is partiey 


series of high tempe; 
suited to jet propulsion aire 


Roy D. Haworrn, Jr. & has 
signed as metallurgist with Wy 
Gordon Co., Harvey, IIL, to by 
chief metallurgist with I, 
Foundries, Easton, Pa. 





RoYDEN J. WHEELER ®&, for 
chief metallurgist, Riverside Ve 
Co., and engineer of tests at | 
Richmond plant of the Am 
Locomotive Co., is now chief 
lurgist, A. G. Carter, Ine., Gast 
N. C. 


Wright Ae 


JAMES R. Cox: 


Promoted by 
tical Corp.: 
from assistant metallurgist to 


lurgist. 


WILLIAM L. O'Brien &, for 
district sales manager in India 
lis for Jessop Steel Co., is 
manager of the stainless steel 
sion at Washington, Pa. 


Transferred by Aluminu 
America: W. M. MUELLER & 
to the | 





New Kensington, Pa., 
nix, Ariz., works. 


7buodd FIRES & EXPLOSIONS Prevent OXIDATION Protect PROCESSES 
Speedy INERTS or NITROGEN by KEMP 


Transferred by National 
Co.: Wavrer K. GraHam 6 
Dayton, Ohio, to Dallas, Texas 


sales engineer for the tubing 


FOR INERTING: 

Grinding mills 

Pulverizers 

Conveyors and bins for 
powdered moterials 


FOR BLANKETING: 


Resin and reaction kettles 
Oil and solvent storage tanks 
Catalyst beds 
Butadiene and stryrene 

storage tanks Hazardous spaces 

Solvent extraction units Flammable liquids and operctions 

Available in standard models in capacities ranging from 1,000 to 100,000 CFH—larger sizes and 
special models built to order. All models feature: 
(1( Flexibility—gos production automatically responds to demand ct any rate up to 100% of capa- 
city—thus frequently eliminating need for gas holders to handle peak loads. 
(2) Economy—fvel gas consumption also varies directly with demand—no wasteful venting. 
(3) Sefety—electric ignition, safety pilot, soft-heads, safety purging on start-up or shut-down, and 
automatic shut-down in the event of (a) burner outage (b) cooling water failure, {c) power failure, or 
(d) fuel gas failure. 
(4) Closely-controlled, high quality INERT-GAS with not over 2 of 1% O, or, at operators 
option, CO. 
(5) Automatic operation. 


FOR PURGING: 
Stills, columns, etc. 
Pipelines 

Fuel lines cialties division. 


Gas lines 
Louis SILVERMAN 6, fo! 


superintendent of inspection, | 
Products Corp., Ecorse, Mi 
now metallurgist, Radio | 
America, RCA Victor Divisi 
rison, N. J. 


ArtHur G. THAYER & 


signed as metallurgist in the 
ASK FOR BULLETIN A 901.4 


OTHER KEMP PRODUCTS 


laboratory of Carnegie-Illi 
Corp., and is now enginee! 


Nitrogen Generators « Inert Gas Producers tional Metal Products ‘ 


Atmos-Gas Producers » Immersion Heaters burgh. 
Flame Arrestors for vapor lines, flares, etc. 


Henry S. Freynik & 
] 


promoted to chief meta! 


Address The C.M. Kemp The Industrial Carburetor for premixing gases 


Mfg. Co. 405 E. Oliver St., 
Baltimore 2, Maryland. 


Submerged Combustion Burners 
A complete line of Industrial Burners, and Fire Checks the Riverside Metal Co., 
Me de 


WrycHe & 
made metallurgical engi! 
Titanium Alloy Mfg. ¢ 

Falls, N. Y. 


ERNEST H. 
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Bove 
e - 


by Revere 


Brass, whether in the form of plate, sheet, 
strip, rod, bar, tube, pipe or special 
shapes, can be no better than the original 
casting from which those products are 
fabricated. 

That is why Revere exercises the most 
careful control over this basic process. 
That control begins in the laboratory and 
is carried through to the finished prod- 
uct. In many cases Revere engineers have 
worked out original methods. Through 
analyses of test specimens from every 
melt, through detailed supervision of 
workmen, and through careful training 
of those workmen to the meticulous 
Revere standards of craftsmanship, we 
and you are assured that every casting is 
absolutely right and will produce sound 
products for you. 

For the fine Revere brasses, see your 
distributor or call us. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
Executive Offices: 230 Park Avenue 
New York 17, N. Y 


THIS IS 
KNOW-HOW 
IN BRASS 


. Charging the furnace 
. Taking test sample of melt 


. Sawing gate off cake 


I 
3. Pouring a sound slab 
f 
5. Slabs ready for rolling 
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NorMAN I. Srorz @ has returned JOHN A. Comstock & forme 
to Braeburn Alloy Steel Corp., engineering metallurgist with 


r kK R S O N A ¥ S Braeburn, Pa., as vice-president in United Aircraft Corp., ist Hor 


charge of sales, after ten years’ ford, Conn., has been appoigs 


ibsence when he was with Uni- director of research and etallup 
. | 








versal-Cyclops Steel Corp. as metal for all divisions of H. K. Por, 


\ W GEN : &. fo . 
[AXWELL GENSAMER &, formerly Co., Inc., and will be in charge 


: lurgist. 
professor of metallurgy and mem the central research and lea 
ber of the staff of the Metals Appointed manager ol sales for lshavatery lacie’ ta ae endl 
Research Laboratory, Carnegie In Lindberg Engineering Co., Chicago: ou. 
stitute of Technology, has been Norgpert K. Koesnet &, who will GEORGE A. PETERSON @ » 


. . . . > . as " 
appointed professor of metallurgy ilso continue to serve as directo! GEORGE H. CAMPBELL ©, bot! 


and head of mineral technology at of research. Rosnertr W. DOUGHERTY Pratt & Inman, Worcester, Yo 
the Pennsylvania State College. &. formerly of the Chicago office, along with THEopore C, | EDERHO| 

has been transferred to the Lind ©. formerly district sales mange 

M. T. Arncuer @ of the National berg Detroit sales office. for Wyckoff Drawn Steel Co 

Supply Co., Torrance, Calif., has Joun R. VAN Nest, formerly gq 
joined a W.P.B. group of technical Joun R. Quinzio &, formerly engineer with American Brass ( 
advisors to the Chinese Govern with the Buffalo Foundry & Ma- have bought the firm of Pratt 
ment, stationed at Chungking chine Co... is now connected with Inman and will continue to opers 


> Car ; Co ; agar: : 
Rorert SERGESoN @&. formerly the Carborundum 0. of Niagara it under this name. 
ai Falls as maintenance engineer 


with Crucible Steel Co. of America F. E. Benson @ has been; 
has been appointed chief metallur W. R. Torpiirz & has been mack pointed sales engineer for Ams 





gical engineet totary Ele vice-president in charge of engi welding products in Canada, and 
tric Steel Co., Detroit, succeeding neering research for the Bound connected with the Car 
L. L. Ferrate &, resigned Brook Oil-Less Bearing Co., Bound Ramapo Iron Works, Ltd., N 


Brook, N. J. Py () 
Lee A. Danes @, formerly dis Falls, Ont 
trict manager in Chicago for Hep Pvt. Orn_Lanpbo C. Merca.r, Jr. & D. F. McFartann & 


penstall Co., Pittsburgh, has been has been assigned to the Frankford nounced his retirement 
elected vice-president and general Arsenal, Philadelphia, in the re mer as professor and he 
manager of sales for the company search laboratories, carrying an department of metallurgy, | 


in Pittsburgh army classification of metallurgist. vania State College. 





" foranextra fine blac 
USE ONLY 


© BLACK-MAGIC 


Single-bath black oxide process. Gives iron ands 


steels except stainless a rich black that wontr 
off. Simple to work. Chemical reaction at 5 
Penetrates .000L"’. Very tough and flexible; pro 
may be formed after processing. Fine bond 
paints and lacquers. Non-priority. 

There are also BLACK- MAGIC baths for copy 
brass, zine, cadmium. “Black 


Book” and sample on request. 


WITCH-OLL water-displacing final 
finish. Effective bond for paints and 
, , synthetic enamels. Keeps meta! fab- 
PHOTO COURTESY PARKER APPLIANCE CO. . ie ‘ rications free of rust in stock or in 
we - transit; later they may be painted or pLAcKmas 
e enameled without further cleaning. BLACKING SA" 
te 


STEEL, RON 
pe 


worms, [IED = 


oo Seuee ee Snes CHEMICAL COMPANY ag 


Ideal sprayed-on protective coating for stoves, 
WK GQ NN Cwaner 


heaters, exhaust pipes, filing cases, etc. Stands SOO x 
heat up to 1000° F. High corrosion and abra- mM 0 p FR N mM ETA [ Fi N | G H FS Acid inhibi 
. - . Meet Treats 
sion resistance. Spray it on and dry at 200° F. A i : i Sen 
hen bake at 350°F. in any industrial oven. — a9446R Main St., Stratford P. O., BRIDGEPORT, CONN. | 
Beautifu! eggshell finishes in all colors. Non- RRR son he Mena —* 


priority. Sample on request. Midwest Field Office, 2651 W. Greenleaf Ave., Chicago 45 
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A. Kodak’s TYP® . 





os fast examination of welds in thick mate- tant requisite is “shortest possible exposure.” 
rial, practical experience calls for Kodak In- Kastman Kodak Company, X-ray Division, 
lac dustrial X-ray Film, Type F, with Special Kodak Rochester 4, N. Y. 
Industrial \-ray screens. (1) Because it provides 
the highest available speed for kilovoltages from fi 
iC 100 to 400... and (2) because the contrast of this Characteristic Curve, Kodak Indus 


film-screen combination is the highest obtainable, trial X-ray Film, Type — 


. . double intensifying screens of «¢ > , ; 
consistent with high speed. j 
on andé a : i = : ° clam tungstate j 
— Kodak's Industrial X-ray Film, Type F, is SE) RR a ore 
at 30 intended primarily for use with calcium tungstate 6 Btn Model. ¥.cny Pendle 
’ ‘ . ’ } 
e; produ screens and is first choice when the most impor- or Kodak Liquid X-ray Developer 
bond - 
or cope 


Kodak Provides the 4 Types of Film 
rN Needed in Industrial Radiography 


~~ | In addition to Type F 
Ne 
Kodak Industrial \-ray Film, Type A... most often 
LACK MAG used for light alloys at lower voltages and for million- 
sais . . 

— volt radiography of thick steel and heavy alloy parts. 
STEEL, ON . - -_ . 
Ly hodak Industrial X-ray Film, Type K .. . for gamma 

and x-ray radiography of heavy steel parts, or of 
witcnov 1 . : 
WITCH lighter parts at low voltages where high film speed 
MAL FN " 

. is required, 

suco 
ea Kodak Industrial X-ray Film, Type M . . . first choice 

e “ss : ‘ . : 

for critical inspection of light alloys and with 

— million-volt radiography of thinner steel and heavy 
— alloy parts. 

+. 


..- the FILM tells the story 








W. H. Graves @ has been pro- Promoted by Callit 

moted from chief metallurgist and Corp., Union City, N. J. 
. \ , . 

P kK R S () N A Ll. S quality control manager for Pack- HALLERAN ©, formerly 

ard Motor Car Co., Detroit, to ex- supervisor of the Alloy 


ecutive engineer. to sales manager of the \ 





sion, succeeding HarRoLp 
Don ALD Gs. CLARK rs] has retired (,ORHAM W. Woops Ss. formerly es st ‘her aa } rp 
. . : ) é ‘Slgner oO 
as a member of the board of direc process engineer! of the Dickson Falls Allovs Ine W t 
3 ; A i d oO . os es 
tors of Firth-Sterling Steel Co., Gun Plant of Hughes Tool Co.. has N. J in an executive 
z aNe tes ati ; Ce 
Pittsburgh, but will remain in an joined the engineering staff of the 
executive and consulting capacity. Lincoln Electric Co., Cleveland. {ALPH HAMMERSLI 
' Pp ie formerly with the Fred 
C. R. Austin &, professor of Lorin L. Ferra, @ has been Co.. Poughkeepsie. N. } 
metallurgy at the Pennsylvania State ippointed metallurgical director — aaa pee Ot Ss 
‘ ae pea ee ; 9 : ah os charge of the Troy, N. \ 
College, has accepted an appoint for the Crucible Steel Co. of Amer- 
ment as assistant to the president tea. New York City. 
of the Meehanite Metal Corp., New tay D. McMvuLuw @ 
Rochelle, N. Y. Lr. Cor. A. E. R. Pererka @, chief srodustion nae 
assistant chief of Readjustment Di- . 


Crawford Engineering. 





ay? Linnea 2 ! rence Aeronautical Corp 

; ae vision, Air Technical Service Com- . . Ds 

with the Chicago office of the Zip <s : N. J.. is now affiliated wit 
: mand, Wright Field, Dayton, Ohio, ne ee : 

Driver-Harris Co., has been ap- Kiekhaefer Corp., Cedarbu 


EcmMer A. Terwe_i @, formerly 


‘ has been relieved of active duty me . : 
pointed assistant manager of the as executive engineer. 


Chicago plant of Salkover Metal 


with reversion to inactive status so 
Senieiii that he maj serve as consultant to Promoted by Elect: 

the Defense Plant Corp., Washing- tories & Alloys Corp., | 
GEORGE B. Micutie @, from met 
gist, in charge of purchasing 


Promoted by Jones & Laughlin ton, D. C. 
Steel Corp.: L. C. Berkey @, from 


é ; : Roy L. ANDERSON , in addition 
district sales manager, St. Louis % 


to his regular position as metallur- 
gist with the Star Brass Mfg. Co.., 
Boston, has taken on the additional CHARLES F. Bower 

W. E. Remmers @ has been responsibility of consulting metal- with Republic Steel Corp 
elected vice-president of Electro lurgist with the W. J. Dunn Co., employed by Austenal Lab 
Metallurgical Co., New York. South Boston, Mass. Inc., New York, as metal 


priorities, to vice-presi 
office, to district sales manager, charge of sales. 


Chicago office. 
Ss. 








UNIFORM QUALITY 


Eclipse Pressed Steel Pots are seamless 
formed container, fabricated 

draulic presses from circles of 
quality, open hearth mild steel. | 


quality maintained in every pot 


SPECIALLY DESIGNED 


These pots are the flanged round 
type for pot furnace work. Forme 
from %%” stock with uniform « 


Weigh 50% less than average 


ECONOMICAI 


In Wide Range of Applications 


For Lead, Salt, Cyanide, Oil Tempering and Metal Melting pets ov ancigee Aybar yaheeng 


used for higher temperatures 


“Time Proven ECLIPSE PRESSED STEEL POTS Mimcmemmeiens 


Ihe economical heat-treating containers were developed to 


Mate 


meet the requirements of low first cost, light Ww eight, uniform 
sections, uniform quality, high strength at elevated tempera 
tures and dependable long life. Proven by over thirty-five 


: ps * 
yeers of satisfactory service. \ 
W\Y/ Won \@-y- 


eclipse 


727 SOUTH MAIN STREET | ECLIPSE FUEL ENG 


:; , “If it's for Gas—buy Eclipse “ 
Metal Melting Equipment © Salt and Lead Pot Furnaces @ Air Draw Furnaces @ : P 
Forge Furnaces @ Solution Heaters . McKee Centrifugal Blowers @ Propor- 
tional Mixers e Wealitite Burners . Control Valves and Safety Shut-off Valves 
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